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Ir may be easily perceived by the title of 
this work, that it is not offered to the public 
as a finished piece on the subject. To treat 
of the theory and practice of electricity in 
the fullest manner, would require a larger 
treatise, and employ more time than I can 
ROE to by dhe of fue kind. ah 


The « Science of electricity. is now gene- 
1 rally acknowledged to be useful and im- 
| portant; and there is great reason to think, 
| that at a future period it will be looked up 
to, as the source from whence the principles 
and properties of natural philosophy must 
be derived. Its utility to man will not be 
e dignity as a ee 55 


of vey. £10 


9 i : 
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£ : 8 55 8 18 18 3 


FH dave not attempted to trace Aertrielty 75 
. 7 its first rude deginnings, or to follow 
1 5 the mind of man in its various and irregular 
5 n in-search of the laws by which 

| „ 


» = 
x 
* 
25 


. . | PREFACE. 


it acts rats the source fr * 


circumscribed, and the mysteries of nature 
so profound, that it is not easy for us to 


founded on the basis of truth and conform- 
able to nature, or whether we shall be con- 
sidered by future philosophers as mere 
children, amused and satisfied with imper- 
fect- opinions and ill-digested theories. 
When a variety of things are mixed toge- 
ther, which have little or- no- connexion, 


been my, endeavour in the following Essay 
to. collect and arrange in aj methodical and 


VJoung practitioner; and, by bringing toge- 


thus point out the strength or discover the 
Weakness of the theories that have been 
deduced, from them. Though the nature 


rived, as this has been 50 well executed by 
Dr. Priestley. Our view of things is o 


determi ine, whether the received theory is 


they naturally create confusion. It has 


concise manner the essential parts of elec- | 
tricity, by these means to render its appli- | 
tion easy, pleasant, and obvious to the 


ther experiments of the same kind, make 
them mutually, illustratè each other, and 


and confined limits of my plan did not ad- 
mit of much, variety of observation, or a 


PREFACE. os 


formal enumeration of every particular, yet 
few things, I hope, of use and importance 
have been ned. 8 


As I do not wish to incur the imputation 


of plagiarism, I with pleasure acknowledge 
the assistance IJ have received from the dif- 


ferent authors Who have written on this 
subject. I have used an unreserved free- 


dom in selecting from their works whateve 
2 1 found to answer my Purpose. 


The various 6 and avocations, 


from which, as a tradesman, I cannot be 
exempt, will, I hope, induce the reader to 


make some favourable allowances for any 


errors which he may discover, and kindly 
8 correct them for himself. 


"Pele ci by the very ED Se 


of the former editions of this work, to offer 
another to the public, I have endeavoured . 


to render it more perfect by such additions 
and alterations as either occurred to my 


own mind, or were suggested to me by 
others. The reader will HOT most. of the 
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chapters either enlarged by the addition of 
new matter, or improved by a different 5 
arrangement of the old; more particularly, 
the chapters on medical electricity and the | 
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ADVERTISEMENT, 
BY 


THE EDI TON.” 


Tux Editor thinks it proper to acquaint the Reader, 


that in his revision of this work, he has been careful to 
correct the referential and other errors contained in it; of 
the former of which he found too many instances. He 
has given more explicit descriptions of such apparatus as 


to by the late Author, Several additional figures have 


been inserted in the plates; and, by way of text and occa- 
sional notes, some new and useful articles have been 


printed, unnoticed in the preceding i impression; an Index | 


has also been annexed, In the Addenda, a short account 


is given of the remarkable discoveries and experiments on 
animal electricity, The considerable number of experi- 


ments described in this work has been, perhaps, its chief 
recommendation; and the Editor conceives it proper to 


advise any beginner in the science, not at first provided 
with an electrical machine and apparatus, to furnish ** | 
self with a glass tube, a stick of sealing-wax, and a pair 
or two of pith halls fixed to linen threads for suspension 

on glass stands, in order to exemplify the fundamental 


and general properties of the science. The Editor hopes 


vourable e it has hitherto met wil, 
„ N 8 
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were either imperfectly explained, or not properly referred 


; 


that the corrections and augmentations made to this Fifth 
_ Edition, will again render the work deserving of the fa- 
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| m eters electric appoints. ie a 
| * 
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And prime coßdücter: „H. 1 cylinder; O Pj the glass 
\__ Invvlating 3 ant 3k; 8s u. above; and I Z, 
£4 the conductor 22 its :quUecting 8 
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These appearances are; the attraction and re- 


pulsion of light bodies; pencils of light darting 


from the electrified body, attended with a snap- 


ping noise, and sometimes 2 sparks, on the . 
approach of certain substances. 5 


ExrEnIMENT I. Take a 58 glass tube, of 
about an inch and an half in diameter, and about 
three feet long; rub this tube from one end to the 
other with the hand, or a piece of dry, warm silk, 


and it will exhibit electric appearances, or be ex- 
cited. The power thus brought 
attract and then repel small light bodies, such as a 
feather, threads, &c. Small pencils of light wil! 
also dart from the tube in a beautiful manner, Dh 
35 attended with a crackling, noise, if the finger, or 
N any metallic substance, is brought near the tube. 5 
. In a. darkened room. this Frechen will appear 
1 ny more advantage. 1 


it into action Will 


2 17 far oy 3.7 ** £ 5 
Fr FRIES 5 $90 


EXPERIMENT II. Put your glass as Ga of. 
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5 electrical machin 


F ioned [GEES may - be 


GOES 


wege 85 chat = WR tube, he _ will 
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e in good order, by the rules 
5 ia Hee Chap. iii.* Then turn the Fee 
8 and all ee 595 me 
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| more visible i in the former. In these 1 6 experi- 


1 85 ments, the friction of the rubber against the tube 


or cylinder will bring into action, and render sen- 
. Sible an agent of a curious and surprizing nature, 
'» which before was e e dormant a por nr 
to „„ 
With respect to the e matter, al 6h 
. 8tances are by electricians divided 1 into two e 
| electrics or non-electrics. 5 | EEG. = 
_ Electrics do not suffer the electric matter to pass 
5 readily over- their surfaces; Beads h are ako 
called !!! 7 OO RR 
Mn electrics permit the Setrich matter to 1 
rally! over their en from whence a are 


8 termed, conductors.” 4 


EXTERN 111. A metallic: d being 


| 7 Fixed! upon a glass support, and placed near the 


electric machine, Will receive the electric fluid from 
the glass cylinder, Which will diffuse itself Beers 
whole surface of the metallic cylinder. It does 
not, Pawel readily pass over the glass support, 
but is detained by it on the metallic cylinder, 
from whence it may be one heck by wo COS 
substance. 981 + 145 t ub EEG 
A fa de su dated: Sy ee aus 
3 fürniched With sbarp- pointed wires to collect the 
; electricity from” the Elass cylinder, is called the 
5 A Rider It is Said to be in lated by che 
Se ab "Veriie this öbstruets the bassage, 


N A 2 


4 A A, SUMMARY VIEW or 


or cuts off the communication of the eleetric Avid 
with the earth. All conducting substances sup- 
ported on pillars of glass, or other electric sub- 
.  stance, are therefore in a state of insulation. 
This experiment will serve to give a general idea | 
of the foundation. of the divjsion of all substances 
into eleqtrics and non- electrics; but, as it is a 
distinction which runs through the whole business, 
of electricity, we shall endeavour to elucidate it 
further, by entering more fully, i into the pts.” 
by: which these substances are distinguished. 
_ Electrics, or non-conduetors, may have any part 
* their surface rendered electrical by n 
without diffasing: the same kind of dee to 
any other part of their substance. ara bertas 
.. Non-electrics, or Fee how cannot be en. 
| dered electrical by friction; and, 5 when electrified. | 
Ws any other means, the electricity i is diffused over 
the whole of their surface, and every park thereof 
| exhibits che same kind of electricity... 8 
of Pep i 1 dietribution, of the. electric fluid on 


Ss 4-5 + 4% 


2 one . Df Aa eee plane, or: 2 yg Rd. 3 1 
Ihe equal diffusion of this fluid i is seen 5 E 


BET» T4 i 


5 prime conductor When electriſſed. 5 


TS. ADSFCK A 


1 | af A .conduetor electrified by e 
parts with the hole of its electricity : at once to 
any conducting substance, N Flint, communicates | 


To aj She garb.) e ht e with, at; 7 


* 4-4 £8 


THE PRINCIPLES OF ELECTRICITY. 5 


or a a conductor cannot vo electrified while it com- 
municates with the earth, because all the electri- 
City is carried off by the communication. Whereas 
under the same circumstances an excited electric 
loses its electricity only in those parts which are 
near the Kr eng substance, or to PMN: it is 
applied. e e fo 
Err r IV. To bias this poxtticn; 
Vile any conduetin g substance that communicates 
with the earth in contact with the prime conductor, 
and it will immediately deprive it of all the elec- 
tricity it had acquired; but, if the same conduct- 
ing substance is brought near the excited glass 
eylinder, it will only take off a portion of the 
electric matter from that pag to "which it 9 
plied. logos TER eee ES EO 4, 
- Some conduoting bees are « mars ee 125 
than others. FAR EF 
"ExPERIMENT v. The aste bald will pas 


3 


1 more readily oyer a metal rod, than one of wood. 


Among conductors, metals are the most Peine 
: MET rosin, and glass, are amongst the 
best non-conduetors. A list of Reo, zub- 
stances will be e geen f 
The electric fluid may be ele 550 fiction © 
by: heating and cooling. FR vn po bt 7 
_ "ExpyriuenT' vi. In working the nc 
8 maohjne, * "iſ Avid: "is. Lead hed hn ng” The 
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6 or BXCITATION, 


e stone is excited by . or dimi- 
ede its N p i ov 


or EXCITATION, AND oF Sag cesenzür 
Me: "STATES or THE BERGTRIC VLVID.. 4 


44 


"The NATE produced by rubbing of demie 
_ each other, is very small. "4 
EXPERIMENT: vit. Rub two 8 of FOR 


or. sealing-wax together, and med a >mall . | 


os electricity will be obtained. Frm 
It is, therefore, necessary tag FRY ru ber 

do conducting e ad that it Should x not 8 

Soiidoulated. „ het 3 
Only a small quantity oo eee 0 can 1 Bo 

een when the rubber and conductor of an 

electrical machine are both insulated. 99 5 
ExrERIM ENT vIIT. Take off the beit, e 


eee pes eh be d che ei bin ache b 
ber of a machine: turn the cylinder, atid you will 


find less electricity than when the cushion or rub- 


ber communicated, by the chain, with the earth. 


ya If the -ubbe 


of an elegtrical machine be insu- 
1 uninsulated, or made to 


5 from it; on ark Se cylinder, the rubber will 


be strongly electrified, and will attract and repel _ 
5 light bodies, and-exhibit the pon uno _ 7 
- ances as the Prime conductor. ; | 


e ee, 


. N Connect an insulated con- 
1 with the rubher, place another before che 
cylinder, and both will be Flectrified. 3 

The conductor, which is electrified by the ey- 
linder, will attract those bodies which are repelled 
% by the conductor that is SRO with: the cush- 
: zan: and vice Vers. 

I these conductors are brought ne near r each ae, 
8 ng sparks will pass between them. 1 

II they. be brought into contact, or if they are 
connected together by a chain, the electricity of 
one will destroy that of the other; aud though the 
fluid may be seen to circulate round the cylinder, 
Vet the two conductors, when thus ene "hl 

7 a few or no Ae of Ay 5125 


8 820 are bene payers in electricity, > the, one 0 
Positive eleciricigy, the other negative dlecyricig;, | 


that these powers may be rendered evident to the 


senses when they are separated; ;, and that they 


counteract each othar when united, the « pans e. | : 


185 ring the effects t the other. | : 


"To render this position more en we shall x re- | 


j oe the, foregoing. experiments on the two 


\conductors, comparing them with similar peri- 
ments on two conductors eleetrified with the same 
Pe er 15 Elęctriſ) two conductors: equally, by 
6 Fe lacng ing ther em before the, cylinder, t that is, Fleetri if 


"HUE ee ms the. following. kr ih I 


- tf 


PS. is 


. or THE conrrany srarks 


may be Mache 1: That What is attracted Gage. 
pelled by the one, is also attracted and repelled by 
the other; whereas, in the foregoing instance, 
what the one attracted, the other repelled. 2. That 
no sparks will pass between two conductors equally © 
_ electrified with the same power, though they will: 
Pass contibually between two electrified with dif- 
ferent powers. 3. Connect the two conductors 
that are before the cylinder, and sparks may be 
taken from them, which cannot La 7 bs 
others when they are united. 8 
The conductor connected. in Wes of 1 a0 
aid to be negatively electrified.” - Se OUR DIG © 
The conductor placed before the 26 eylinder 
= W said to be positively electriſied.æ N 
hesse experiments, if the rubt "9? insulated, 
5 may be easily exhibited by one conductor, by 
5 9 We the” _ directors Wy DIG handles, 


3 I +4 
TOY Þ 4 "I f * 415 1 3 1 SS; : a 1 PSS } 4 + 
M's ; 2 


ZN SOR OR 4 trical machine, with an ſented rubber 3 
"puny be considered as acting in a thiee-fold manner. 5 
1. As a machine producing zegatrae. electricity; A ang | 
the prime conductor to Of oY by a Sing. mg taking the 
fluid from the cushion or rubber: 

2. As a machine producing 9 be. 10 effect ts, 
3 "ak the rubber communicate with on groun cn = 
take the fluid from the conductor: 5 e ee een 
8 enen wee e e c In 
| this case, the rubber and conductor must both be N and 
the substance to be clectritied Placed t between two directors co 
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oF THE ELECTRIC FLUID. * 8 


% * 


that are ied in. ho! 8 on medical elec- 
trieity. | Takeoff the chain from the cushion, and 
> | connect a director with it by a wire or chain, and 
connect another director with the prime conduc- 
tor; turn the cylinder, and on bringing the di- 
 rectors near to each other, sparks will pass from — 
the one to the other; the one will also attract = 
What the other repels, and, when brought into | 
_ contact, N * them will n ap rigns of 
ee F n 
The Joviricity! 3 thn the. excitation. of 
1785 glass 1 is Wen eiten Pn by: dome write 
3 vitrtous. VVV 15 1 

e Aut produced hs thal e wy 

 gealin g-wax, or rosin, is MS ney _ wt 
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| If two bodies be electrified, both! pogitivety-br 
I 55 bo negatively, they repel each other. 

| If one be electrified: . the other 8 | 5 
bh, they attract each other.. . 

XA body not at all electrified will bis FONT by : 

- FER which are ae nen e r 

e TE N VV LE . 124 Eo SLE 5 . 

Farin 51 Elec bi 2 pair of insulated ' } 


: alls pos ey abe; will repel cach oben 
. 8 | 8, | 
f . a, ' 7 , 


10 OB ELECTRICAL ATTRACTION of 


ff Ir TUG NT XI. Electriſy a pair of insulated 
20 pic balls negatively, and they will 70 each 
bther. See plate 2, Ag. 24, 25, 26, 2. ; 
EXPERIMENT XII. A pair of. anita pith 
balls electrified pant will attract a n that 
are electrified negatively. 8 5 e 
EXPERIMENT XIII. WS: NM of A wh 5 
balls, eleetrified negatively, are attracted by en- 
cited glass, and repelled by excited wax; and the 
contrary: for, if the balls are electrified positively, 
they. will be repelled by U glass, and . 
; Ta 6 © Þby-exented/ WAX. e 12 Pert ws partes. | 
EXPERIMENT XIV. A pair of insulated ball, = 
| in their natural state, are pa. $9658 9 
_ cited glass and excited wan. "_ | 
5 The repulsion of balls cleowrfied kale 5 
destroyed by the 12 n of an equal degree . 
negatiye electricity. b)!) 0 
3 ExrERIMENT xy. e two pair af = „ 
| . ith balls equally, but one with positive 255 
electricity, the other with negative; bring the cy- 
5 linders, by Which the balls are uc in 
" ExyBERIMENT XVI. Tleoirifyrtwo, pair n | 
sulated pith balls equally with positive electricity, 
bring the eylinders by which they ve, Se gere 
1 in contact, the balls will remain unaltered. 
From these experiments it may be inferred; Fro 
in che nature: state ops a ad the: 9 5385 moo. 
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AND RBPU LSION>.: - | 11 


are always . that they only become viahls 
by their separation, and that when separated, they 


manifest themselves by those appearances which 5 | 
we term electrical. It is highly probable, that 


the general phenomena of nature are carried on 
by these powers when united, and the more parti- 
eular phenomena, or discordant notes in the great 
eystem of the universe, are oocasioned by the 
action of these powers when separated, and their 
constant tendeney to unite. Be this as it may, 
the ae ew will be found to illustrate . 


n Plet 5 901 04 14790 #9 5 10 
70 r e Mis XVII. Light feathers, hain; fol 
copnected. with the conduotor, are, When olectri- 
fied, attracred by any non- electrie body. eee 


ExrE MEN T XVIII. Tbeihair of any beten 


chat i 18 electrified. becomes repellent ::1;- Senne 2 53415 
471 - EXPBRIMENT XIX. Deway feathers, 8 
pieces of leaf gold, paper images; and other light 
bodies, brought near the oonduotor, ee bY 
tracted, and then, repelled... £732 a: Oo is 3 18 SY 

| ExpPERIMENT xx. The two onlads* bells, 
1 2, fg. 17, communicate by a chain with the 
conductor; the middle bell and the two clappers 


. are suspended by silken strings, which are non- 


conductors. The electric fluid passes from the 
conductor to the outside ells, dhe attraxt the 
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merged in an electrio atmosphere always 


1 or ELECTRIPIED POINTS. 


clappers and impart electricity to them, which they 
in their turn communicate to the middle bell, from 


f hence! it is conveyed by a brass chain, X, to the 


The clappers, in receiving and communi- 
e the Moll are rep ee and re- 2 
8 CCT 03 
Those Abstandes that are brought" Within "the | 
RT of electrified bodies, become possessed | 
of a contrary electricity; or, bodies which are ims 


Possessed of an electricity contrary! to that of 08 : 


ö 9 in whose atmosphere they are immerged. 


» ExPERINDNT XXI. Bring a conductor its 5. 
out pointed wires near to the glass eylinder,”whi ilst 


the machine is working. Tf the conductor be not 


insulated, it will be ne; rified, til it is 


| Twely elect 
brought 80 near as to receive sparks from the ey 
Hinder If che conductor be inculated, it will in 
© the same situation be electrified! negatively, in the 
parts nearèst the glass oy ere and: poatdvely, in 5 
the parts more re 
ing a glass tube, ede en dlhctitied; i; 
| oats. nde. 


JCͥͤ ĩͤ b 


d from the e 


e {+6 JF Sage POINTS, 25 8 at 
The electric fluid appears as a eg g stream 


Ry, . drüng forwards into the a air from a pointed body 
Positively electrified: It rok as a little of ria 


NS Ins oo 1 
2 I 
Z . ve 5 > 


star on a Pure: ts en . wh 
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or ELECTRIFIED POINTS 13 


- ExenRIMENT. XXII. These appearances are to 
be observed in a dark room on thejextremity of a 
pointed wire, fixed upon a conductor positiyely or 
| negatively electrified; or on a wire held in the 
hand, and presented to a  poatively or Argatvely 
\ cane, conductor. „ +:9Woeporhs alles! bo; 


4 $4 


Exrrninzur XXIII. These eee are 
ele 4 fe. 61 ah 62. 5 

A current of air is eee Fwy an a elect} 
fied point. „ 
| EXPERIMENT XXIV. © Place a ante wire in 
the conductor, and hold the hand over it when ö 
the machine is in Os a very ccngible wind wil 
be felt by he hand ©7700, 

Ex TERRA xx Y. Stick ene pieces * 
per or card like vanes in 2 cork, through the center 

of which a | needle or steel pin passes; suspend the 
8 whole by A magnet; present one of the vanes to a 
. pointed wire inserted in the conductor, and they 
pill be put in motion by the current e a | 
the point, and will turn with rapidity. _ . 


| an. q electrified conductor, gradually. 9, ailaty 
giipates. the electric fluid. tw 

It is to be obseryed here, that = the point be 
brought within c certain limits, it will not. discharge 
the conductor in the manner expressed thy the 
POOR: pyvitipn, but * a e 0 | 


4 3 


24 | or THE erbkx PHIAL. 


explosion ons very cnt following each other, witch 
leads tot be following position. | 
X06 and eleebifed point be situated in mich 11 
| cumstances as to cause the fluid to accumulate on 
the cc ondactor; ' or, in other words, if it be 80 
situated, that the power of the same name with 


dat ol che ebnductor cannot be realy duchirged 


” LES Xx 


the dos in the form of: a strong ce. 
"ExyERIMENT XxvVI. Place a pointed wire on 
the end of a ROY a 1 855 3, . 31, „ and it 
4 _ 3 | take: a e | 


or THE LEYDEN PRIAL. | 


Abbes z J or biet coated 6 on x both Make except 
. about two inches from the top, with tin-foil, or 
any other conducting substance, is on ns. 4 
. Jar or phial. See plate , 

If one side of this jar is electrified, "whith 155 . 
did side communicates with 11555 Pots it is aid | 


to be charged. 


If aA ebe uhte ge 1 formed from one de of 5 


"a Jar to the other, "by. a conducting substance, 
after it has been charged, an explosion vill be 
| heard; and the jar is said to be discharged. _ 
A Laden Phial cannot be Charged when it is 7 
nel that is, when neither * communi- ni. ; 


. Was the earth. 1 


* 


| oF THE LEYDEN PHIAL. | vs 


5 AJ the apparatus represented at plate 2, fg. 49, 
is the most ready, and best adapted for illustrating 
che phenomena of the Leyden phial, we sbiall con- 
. fine ourselves py to it in this 1 8 15 the 
present Summary. 
ExrkRIMENT XXVIL, Screw the phial with x the 
belt on its insulatèd stand, as at F, plate 3, fig. 48; 
bring the coating in contact with the conductor, 
turn the machine slowly, and, after a few turns, re- 
move the phial from the conductor; then 4orm E 


communication between the otitside and the inside 


of the phial, by placing one end of the discharging 
rol first upon the coating, and then bringing the 
ther end of the rod ta the brass ball of the bottle; 
there will be no explosion, the bottle not r 
charged, because both sides were insulated. | 
 Expynrment XVIII. Hang chan Rom the : 
brass bull of the phial to the table, then bring the 
: coiting in contact with the conductor, and, after 
a fe- turns of the machine, remove the Phial as 


| before; then apply the discharger, an explosion 


will be heard, and the bottle will be discharged; 


7 for, in this ese, the insulation of the inside is 
= destroyed by the chain, woes the 1 DENIES : 
0 capable of receiving a charge. 


As much of the electriedl Avid is thrown a off : 
from one side of a jar when cok as is 'cottis : 
wbt de other. e W 
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16 or uE XT DEN PHIAL. | 


Ex BRIMENT, XXIX. Place the coating of the 


| Jar, Plate 3; M. 48, in contact with: the conductor, | 


and the; knob of another equal sized jar, as I, 
fig- 49, in contact with the knob of the first; 
turn the machine a ſew times, then remove the 


Jars from each other, and from the conductor; | 


Karger, as before directed, first to the 


apply. ad 


one, then to the other, and vou will find them 
| both equally charged; the inside of the second 


Phial having received from the inside of the fist 


ag, much of the fluid as the outside thereof re 1 
_ ceived from the machine. . . 


When a Leyden. phial is 1 two N 


thercof : are in contrary states; that is, the one is 
Positively, the other negatively electrified. 


EXPERIMENT Xxx. Charge the jar, fs. 48, 


by bringing the coating in contact with the con- 


ductor, and letting a chain fall from the ball to the 
table. When it is charged, remove the jar from 
tbe conductos,. and the chain from the knob... 


The coating of the jar will electriſy a pair of i insu- 
lated pith balls positively, and the knob will elec- | 


. trify. a, pair [negatively ;, evincing that the inside 
"a outside of the jar are in contrary. states. 9 
Reverse the faregnly EPI, % by bringing 


£4 4.3 


7 ee 2. "hain, fall from the, onde coating 


to. he DE: 15 charge the Jar, and remoye the 


1 85 5 - „ 
8 „ 
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OF THE LEYDEN PHIAL. 17 


4 chain, the coating will now electrify the insulated : 


pith balls dee and the knob will ee 
them positively. | 
EXPERIMENT XXXI. e Fi 5 3 3, 
Ag. 48, positively; connect a director with the 
chain from the coating, and bring the ball of the 
director towards the knob of the jar; a cork ball 
or an artificial spider, suspended by a silk string, 
will play between the two balls till the bottle is 
discharged, carrying the fluid from one to the 
ors till it has restored the equilibrium. 5 
- hs jar is Said to be positively electrified, when 5 
the inside receives the fluid from the conductor, 
and the outside is connected with the ii 
It is said to be negatively electrified, when the 


ode e receives the fluid from the ee and - 


the inside comm anicates with the earth. ; 
It is necessary that a jar charging negatively 1 
| sbould be insulated, because the fluid is, in the 
first instance, conyeyed to the coating, and would, 
jf uninsulated, be immediately « carried to the earth. 
I be contrary states of the Leyden phial may | 
be shewn by the charge and discharge thereof. 
EXPERIMENT. XXX11.'\ Take two jars of 7 
same size, as H and I, plate 3, fig. 49; charge both 
| Positively, and connect the coatings of each, as in 
g. 43; bring the two knobs together, and no 
explosion will take place, and the jars will not be | 
e inside an. | 


| negatively. 


1 Knob be easily brought! to touch the insulatedj 


18 or Tr LEYDEN PHIAL, 


= jar is in ith same state, or Lendhssd with a power 


of the same kind, and have therefore no tendency 
to unite. The same 757 os if apr are eee 


* 


ExPERIMHRNT XXXIII. e one jar posi- 


| tively, the other negatively; then, on bringing the 

| knobs together, as before, an explosion will take 
place, and both jars will be discharged; in this! 
the powers on the inside and outside of each Jar 
were of different kinds, with a OP way to 


unite. | 
In the Des 5 experiments it vin be 00 


very convenient for the discharge of the jars, to 


screw the wires, K or L, fg. 49, into the hole at 
the top of the insulating pillar; as the ooating of the 
moveable jar may be placed on this wire, and its 5 


. 


"The contrary states of the sides of a Leyden : 


©  phial'may be exhibited by the appearance of the 
-  - electric light, or pointed wires connected with the 
10 coating or balls of the bottle; and also by the dif- : 


ferent appearance thereof in vacuo. But for these 


we hall refer the reader to the following Essay, 
as the Lee e 


ruments' are sufficient ' to 


* probe We fact. „ 
"The charge of a cond jar recides in che blu, | 


and not in the coating. e 
ExPERINENT XXIV. 1 a ne of FRO be 5 


| placed” bergen two 6 


metallic Plates, Ry two' 


{Ab 
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| Inches i in, as amaller than the plate of 4 J 
charge the plate of glass, and then remove the up- 
per metallic plate by an insulated handle; take up 
the glass plate, and place it between two other 
plates of metal unelectrified and insulated, and 
the Wise of en be copied. alrech will yet be 

ET STORY. ” 

The cane of the devine fluid Font one. FA 
of a charged jar to the other, is apparently instan- 
taneous, re whatever length of a metallic or | 

other good conduetor it is conveyed. 25 
re xxx v. Let any number of per- 
| bon make a part of the circuit of communication, 


and the n . n een e 75 


the whole. 
The 8 a 8. opt jar gies? a 800 | 
sensation, called the electric shock, to any animal, 
| Of its part, placed in the circuit of communication. 
If the circuit be interrupted, the fluid will be- 
come visible; and if resisted in its passage, will | 
leave an egg upon the intermediate or re- 

_.  visting bodies.“ NO, 1 
5 ee eee xxXVI. how the; fluid pass 
through a chain, or through any metallic bodies 
placed at small distances from each other; the fluid, 
in a darkened room, will be visible between the 
links of the 50 or eben the e nie 


n bs ” 2 1 4 >. 4: ep * 
ww 430% 8 15 N HEL | 4 
* T- 


: 8 e. lenor Natural Philowphy: 
8 Ty = * 4 Ob. 


» or THE BLEOTRIC BATTERY. | 


- hs tit xXxxx VII. If the circuit be in- b 


bedr by several folds of paper, a perſoration 
will be made through it, and each of the leaves 
will be protruded by the stroke from the middle 
_ towards the outward leave... 


 ExPERIMENT XXXVIII. If spirit of Wine iir 


 gunponider os mos Cami of the circuit,” it n be 
"nd." 9 85 #164 90 


The bebe aſh an Houta a does not x depend | 


on the shape of the charged surface. 


Let the same quantity of coating be i n . 


a jar and upon a plate of glass, the wee _ be 


found to be nearly the same in each. „„ 
When the surfaces of an electric jar are cee 
with a certain quantity of the two powers, it is 
observed that no additional electricity can be 
communicated to them, however ee an excita- 
tion is is applica s for 1 eee e 


IP 4 5 7 N 
* F 2 4 1, 4 ö 155 1 72 


or THE BLECTRIC BATTERY. 0 5 


Fer 
; 0 i 2 


The force TE the electric charge may be in- 1 
0 by augme Was che eee on CO 


+ 
41 175 1 1 


The ail 2 ef | TT ROI is to form . 
a communication between the insides of a number | 


of coated glass jars, and another communication 
between the external coatings: jars so disposed are 
called an electrical hattery. See plate 4, fig. 05. 


15 


- 


OP THE: rere BATTERY. 2 


— * 


ee ok wire e may be melted by a batte 
| Taal animals may be killed, thick pieces of glass 
be cshattered to pieces, and other curious effects 
5 produced, the greater part of which are deseribed 


I 5 in the course of this Essay. 


The electric fluid and dees are gy came | 
Cabelas + „ 
bar properties: KEY "elit are 18 same; 
flashes of lightning form irregular lines in the air; 
the electric spark, when strong, has the same 
appearance. Lightning strikes the highest and 
most pointed objects, takes in its course the best 
conductors, sets fire to bodies, melts. metals; in 
which, and many other particulars, it agrees, with, 
..:& phenomena of the electric fluid. Lastly, the 
lightning being. brought from the clouds to an 
electrical apparatus, will exhibit all 0 er. 
ance. of the cleetrie nuit! 
It is supposed that en may 11 e | 
| from the effects of lightning, by fixing a pointed 
metallic rod bigher than any part of the building, 


and continuing it a e to the 


155 ground or nearest water 
hs experiment most generally used to Ih 5 
dg 19 18 this position, is that of the thunder-house, 
Which is a board sbaped like the gable end of a 
hause, and fixed. perpendicularly. upon an bori- 
I zontal. board; 1 In, the perpendicular board a square 

e is Ine, Rs e de e of woo | 


TY 1% * 


25 8 Sh oy A PLATE or AIR; 


is to Ys fitted; 80 0 that it may easily fall out of its 

place; à wire is fixed diagonally: into this square 
piece; another wire, terminated with a brass ball, 
is fastened to the upper part of the perpendicular 
board, with its ball above the board, and its lower 
end in contact with the diagonal wire; in the 
square picce of wood, a communication is con- 

tinued from the other end of the diagonal wire, 

by a wire to the bottom of the perpendicular 
board. If the wires in this state are made part of 
| = circuit of communication, on discharging the 

jar, the square piece of wood will not be dis- 

. placed; but, if the communication be interruptec 

by changing the direction of the diagonal wire, 

the square piece of wood will, on the eee LN 
= be driven out of its place. See eg. 68. fn 
II instead of the upper brass bull, dee, wire 
be placed above the perpendicular board, the dis- 
I Cn Buy 1 es off 5 an prov; monrra i e 
\ e 


* 
* 
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| 85 LATE or AIR, N ; 


5 OVER air is an e 1. wilt reveine a » hangs 
= and we - a shock, Wc hood W clectrio 1 
: This is effected: ip means i two FIG zoards, 
covered with tin- foil, the one connected with the 
cConduetor, the other placed En to it on an 
> nine Stand; © a” boards ma h 


_ 
- 


— 


OF A PLATE OP AIR. 23 


as. the coatings to a plate of air; and, if a com- 
munication be formed between them, by touching 
the uninsulated board with one hand, and apply- 
ing the other. hand to the conductor, the shock 
will be felt. See N cholson 8 In geten to Na- 1 
en Philosophy. os 

% A great part of the late NS are 

PO consequence of the air being thus charged. 
Thus, the prime conductor imparts its electricity 
to the sarface of air immediately contiguous to it, 
and when the spark is drawn, the discharge is 
made to the non- electrics in the room, which are 
in contact with the opposite surface. 

It is a consequence of the air being 1 
that broad non: electric surfaces draw large sparks 
from the conductor; for the sparks are the dis- 
charges of a large plate of interposed air: a less | 
surface will draw a less spark, because the same 
machine discharges less surfaces higher than 
greater; the spontaneous discharge through the 
body of the electric air will be made at a greater 
distance of the surfaces; that is to say, the sparks 
will be longer. If the surface of the presented 
plate be still smaller, the sparks will also be smaller, 5 
and emitted to a greater distance; and if the sur- 
ſace be indefinitely small, or in other words, 0 
the non: electrio be pointed, the spark may be 80 
small as t0 b 1 invisible, and eee 
mind, way be BOL. Rr e 


7 


or MBDICAL ELECTRICITY. | 


| / The Satay experiments hot have been | 
 _,- made on this head, by some of the first characters 
* | in the medical line, particularly at St. Thomas's 
Hospital, by Mr. Birch, have established the re- 
- putation of electricity in medicine; as they have 
Aalearly proved, that when used by the skilful, it 
is as certain in its effects as any medicine in the 
whole materia meat 8 m extensive in its 
„ application. eee 135 
In medieine, it Wis GA judicioaly e con- 
. Ser as acting under three form: 
. The Jy A wo m—_ be + conddered as a 
bee, 5 . 
The bat de friction; wich may be ranked 
=_— under the title of a stimulant. | 8 
1 3. The shock, which | "ny: be conditerd . 


=: | powerſil deobstruent. ws ON... 
— The fluid may be thrown upon, or | extracted. 
A : 5 - from! the patient, 1 0 *** | 
15 This is always best a en by a wood ex Point 5 0 
TE 1. Tngulate the patient, and connect” him with 


5 uk positive conductor; then present the wooden 
Ee | Haſh of the director towards hut, and it will 3 5 
e draw the fluid froin im 47 3 
„ 2. Let the patient communicate with the kk, 7 | 
DT 6 5 11 connect the ned: part of the en . 55 


(| 


ti 


— - 4. hos FE SAFE vous 5 WEI AA > > of 0. = * — 
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or THE ELECTRIC SPARK. 25 


the positive 1 and the fluid will ve gently | 
| ppg upon the patient. = 


. Connect the insulated patient is the, ** 
| ion, then he will receive the fluid from the e. 
tor held in the Hand. | 

4.᷑. Connect the director W the PIR 4 
1 the fluid will be ee from the 1 


33 
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OF THE ELECTRIC rank, on FRICTION. | | 


What hw dee W with respect to the fluid, is 


ds applicable to the electric frietion; only 


here the point is to be unscrewed from the direo- | 
tor, and the brass ball screwed on in its steadd. 


In the friction; the part should be covered with 
| Woblen cloth or flannel, and the brass ball is to be 
applied close to the flannel; HO 
it is to be removed a little, 


bl 


vo INCRBASK THE DENSITY OP Trp FLUID, 


; 8 5 24 15 ie SI: 0 SPARK. 5 „ 


i Fin the Ep bottle to the l let a 
chain fall from the hook at the bottom thereof to 
the table; H place the electrometer on the conduc- | 
tor, as it is represented in the frontispiece to this 
work; let the ball of the electrometer be placed at 


dome little distance from the conductor, and then 


. councet To” Gerte, by means of a wire, witb 
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| the exterior ball of the „ | Afar 6 


5 che hand should oc 
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26 0 INCREASE THE bine DENSITY. 


preparation, you may turn the machine, and 
when the fluid has attained sufficient force to pass 
from the conductor to the ball of the electrometer, 
you may apply the director to the patient, who 
will receive a dense stream therefrom; the ma- 


chine to be kept turning during the operation. 


Or, connect an insulated patient with the electro- 

meter, and then, on applying the director to him, 3 

yur will extract a dense stream from him.* ; 
2 b Whenever the nne is Wi wit 


— PASS A STREAM: or THE ELECTRIC | FLUID: 5 


Anover ahr PART, OF. a eee, WITH= — 8 
our GIVING THE/SHOCK. 7 e 


Ms x bo 


2, . ope director wh the cushion, 5 
and another with the conductor; place the part, 


Eo through which you want the stream to Poms! be- 5 
5 tween the directors. | - 


N. B. The density bf this stream i is 5 augmented 


15 15 the bottle is suspended agreeable. to the . | : 
tions in the preceding ace and one director | 


Wer to the eee 5 


E 3 7 OR 


— 


: g * 1 uw. given A Pettad as of this medical app 5 


18 e iii. ee 3 
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O GIVE THE SHOCK, 27 


2. Insulate the patient, and apply a director 
that communicates with the conductor, or with 
. the electrometer and bottle, 0 one en, and a 

ene to o the > Gther. EE BLOT: | a 


2 


0 GIVE THE > SHOCK, | 


Adis the bottle Aa the conductor, ae the” 
- hh in its place, (see the plate that faces 
the title- page of this work, (and remove the inner 
ball a small distance from the conductor; then 
connect one director by a wire with the hook at 
the bottom of the bottle, and the other with the 
exterior ball of the electrometer; the part through” 
which the shock is to pass, must be placed be- 
tween these balls; there will be a shock every 
Une the fluid has acquired sufficient force to Ew 
1 LING eee to the electrometer. 


8 i . ELF CESS 


10 ervs A Quick. VIBRATORY. SENSATION, | 
NOT so PUNGENT A8 THE SHOOK, THOUGH 
' STRONGER THAN THF STARK, 7 


be Mifections'1 in the preceding ne 3 
e to the present, with only this diffe- 
rence, .. the ball of the electrometer may be 1 
moved further off, and the RN wire is to be 
| taken out of the tube of the bottle, - 


£ 8 
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OR: ATMOSPHERIC: ELECTRICITY. FOE 


| The hn is 8 Slate: 8 
eee but most commonly with positive elec- 
tricity. In serene weather the electricity is always N 
positive, and the quantity is e to the -Þ 
5 5 | "ROY of moisture. N 
. . Hail is always accompanied with electricity. 5 
Rain generally 80. ** „„ 1 1 
. Low and thick Ga 8 dane, though il 
generally more so after a frost. 
3 summer, the electricity of win eee is 28 
very weak, it grows stronger at sun-rise, ane, 8 
inoreases in strength with the en zereof;, 
at sun-set it again becomes weaker. „ . 4 
Impetuous winds e 1 ern the foros of 
we atmospheric electricity. | 8525 
A strong electricity often rises RY _ ow, . 
| panticularly if the season 18 cold, the e clear, 55 
and be mA? wg. * 2 FF 


78 Es L2. SEA £45 . „ ; 0 
7 3 r ö 


I, * Tue 1 are the mee 2 auge 4 | 
uo trometers, and are described i in Chap. Xviii. the first i is consi- 
Ny dered the most pensible., Nate i, fg. 10, Bennet 8 gold leaf 1 
: | electrometer; Fg. 11, Cayallo s pith ball electrometer, improved 5 

| ö 2 Saussure; ; Wray 4, Fs: 76, Cavallo 8 {a ball electrometer. © | 
. - 6 25 TH OR PE 
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5 05 fd to a certain 9 permits the 
chene fluid to pass easily through it. 
As the air is a non- conductor, it resists the 
motion of the electric fluid; therefore, the removal 
ot it facilitates the effort this fluid makes to escape 
from the subject on which it is thrown; at the 
same time it is bighly probable, that it is by means 
of the vapour, which expands itself when the 
pressure of the atmosphere is taken off, that the | 
electric fluid is conducted through the vacuum; 
for there is reason to think, that electricity al- 
| ways requires a conductor, to make it n from 
one body to another; and this is further confirme 
by those experiments which shew that a more Per- 
fect vacuum of air is a non- condu eto. 
» EXPERIMENT XXXIX. Let a vacuum 450 made 
| par the circuit in discharging a Leyden phial.- 
"EXPERIMENT 3 XL, Let a e 1 Mön gc in 


_ ancients. They were not, indeed, alto 


enAP. n 


3 
a 23 


„„ COLITIS ooo OE HTN Yo ow ö . 77WWWWSWꝓCCꝙꝙVcéꝗ . 
Ws $i” J . f * 4 " F . = 4 2 4 „ ; # 1 
4 - 


os Krgerteige IN enxnmnat—or THE bie- 
5 TINCTION BETWEEN ELECTRICS AND NON 
» BLECHRIGS—A © CATALOGUE oF CONDUCTING | 


Ha $. 


"ELBOTRICITY AND tg. y owl 5 0 Sag ane 
3 must appear surprizing toevery SG PUP he 


truth, that electricity, which is now allowed to 
be one of che principal agents employed in pro- 
eee the phenomena of nature, should he 
eee g long in obscurity; for, comparativel 
| ing, its existence was not Enown:- to the 


norant of the peculiar properties of those 


_ that we now term electrics;- nevertheless their 


knowledge was cireumseri ed, being confined to 
the observation only of those phenomena which 
nature presented to their senses, in the ordinary 
course of her operations; hence near two thou- 


and years elapsed, before any addition was made 


to the little which was known to Theophrasfus, 


and this branch of natural history remained un- 
cultivated, till the happy period arrived, when the 
Philosoher v was > emancipated n the chains of. EE, 


— 


7 


or ELBCTRICITY IN- GENERAL. „„ 


1 reasoning, and the uneertninmen of 


vague conjecture. / 75 
The existence of this tabs, ala; in most cases 
invisible power, was then traced, and many of its 
e developed; its agency was eee 
to be universal, and its extent unlimited. E 9 
It must be evident, indeed, even to a superũ- 


© ial observer, that electricity is no trivial or con- 


fined subject; because there is no body in nature 
that is not acted upon in a e or less Om 
by this important agent. 


The importance of Wee f fluid: in the sys- 
tem of the world is confirmed by a consideration . 
of those phenomena in which, it is concerned, and - E 


which take e e t-the gagement operati 


of man. £1 
Thus, . SAGE possess Jon HR VO py 


giving the electric shock. The torpedo, and one 
or more species of eels, from Surinam, if touched. 


he the hand, a metal rod; or any other conductor, 


give a considerable shock to the arm, but may be 


e touched by a piece of sealing -Wax. The 


-ohock depends dg the will of dhe Gol (ved ee 


mitted to a great distance; so that if persons in a 1 
Sip happen to dip their fingers or feet in the sea, 


uin the fish is swimming at the distance of fif- 


teen feet, they will be affected therewitb. 
Many Geordem of the human frame have RED | 


82 ob or ELECTRICITY IN GENERAL: 


hs Sven to defiviene powers; and the terrors of 
the knife been frequently prevented. 1 
But the most remarkable appearances of the. 
. Woity; which are.viewed with surprize by all ranks / 
of people, are those which may be termed atmos- 
[0 as existing in, or depending on the state : 
of the athosphere. Lightning is proved to be an 
electric phenomenon, and there is little doubt but | 
that the aurora borealis, whirlwinds, and water- 
spouts, depend on the same principle. 
8 Electricity bas one considerable 1 5 
over most other branches of science; it furnishes 
matter of entertainment for all persons promiscu- 8 
ously, while it is a subject for speculation to phi?- 
re Neither the air- pump, nor the orrery; 
neither experiments in hydrostatics, opties, or 
magnetism; nor those in all other branches of 8 
natural philosophy, ever brought together so many. 
or such great con urses of e a8 wos of 
e have done singljjy;ßꝛê 
If we only consider Shank it is in es that 3 
makes them capable of exciting that pleasing as- 
| nent, which has such charms for all man- . 
Bode we shall not wonder at the eagerness with 
which persons of both -$oxes, and of every age and 
condition, run to see electrical experiments. Here 
we see the course of nature to all appearance en- 
tirely reversed in its most fundamental laws, and _ | 
Opt causes * the alighdest imaginable? and 1 


— 
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OF ELECTRICITY IN GENERAL. 33 


not only the greatest effects produced by causes 
which seem to be inconsiderable, but by thay 
with which they seem to have no connexion.” | 
Here we see, contrary to the principles of gra- 
teln „ bodies attracted, repelled, and held sus- 
pended by others, which are seen to have ac- 
quired that power by nothing but a very slight 
| friction! Here we see a piece of cold metal, or 
even water or ice, emitting strong sparks of fire, 
so as to kindle many inflammable substances! 
Again, what can seem more miraculous, than to 
find that a common glass jar should, aſter a little 


be bo capable of giving a pefson such a 


violent sensation, as nothing else in nature can 5 bi 
give, and of even destroying animal life; and that 


this shock is attended with an explosion like thun- 


; 5 any: and a flash like lightning! 


As electricity i is in its infancy, how ee go 
as à science, its definitions and axioms cannot be 

stated with geometric accuracy. . shall endea- 
vour to avoid as much as possible the use of posi- 


tive expressions, in order to invite the reader to 


examine the experiments himself, to compare 


them one with another, and tben draw his own | 


conolusions: beginning with those experiments 5 8 


5 wh were the foundation of the present state of 
electricity, and which gave rise to the e 8 
ECL lea jerms een use 5 in this ine 


=" on 


* 


SE -- TRR DISTINCTION BETWEEN 


r leer 17 Rub a dry glass tube with | 


a piece of dry silk, and it will thereby be elec- 
trified; present light bodies, as feathers, pith 
balls, Ke. to 10 my my js near und Wen 
repelled: CPs 5 


pelo Vo 


A piece of black or N elk, on 280 a little 


amalgam has been spread, makes the best rubber 
for a smooth glass tube; 18 new nel ar 


well with sealing wax. . + 


 ExPBRIMENT II. Rub' a. 4 5 oh chad 


= ing-wax , it will fi rst attract and afterwards repel 
2 those light bodies that are brought near to it. 


The friction in the two preceding experiments | 


” bes put in action an agent or power, WI lieh at- 
tracts and 85 8525 9 8887 _ 87 5 Walled 
electricity. IA ee 


A certain ee or in} 0 of ths: elec- 
"is fluid is supposed to be disseminated in all 
| bodies, in which state it makes no impression on 
our senses; but when, by the powers of nature or 
art, this equilibrium is destroyed, and the agency 
0 the. fluid i is 3 visible to the senses, then 
oduced which we term 1 "6h 
cal, and POR body! is 17 to be electrified. © 0110 

Any substance that is made by friction . 
bite electrie appearances, is said to be aut.. 

Amber, silk, jet, dry wood, and a variety 6 
eber e bg: Prot 28 attract and 8 


kberntes AND NON-BLECTRICS. . 185 


light bodies, these are called, electrics. - Such 


substances, as metals, water, &c. the friction 9 


Which will not produce this power of attraction 
: and repulsion, are called nonzelectrics. 5VV»»f'd? 
Wben the excited glass tube, or stick of —_ 
wax, is in good order, and the partieles of electri- 
- city.are sufficiently united to act on the organs 


ol vision in a darkened room, pencils of light, or 


flashes of divergent flame will dart from the tube 
in a beautiful manner, attended with, a crackling. 
noise, which will be heard on the approach of any 

conductor, The matter causing this light 1 
5 sound! is what is meant by electricity, . 
Elegtricity i is often excited. by other causes as 
0 wal as friction. Thus it may be produced by 
beating or cooling of some substances, by blowing 


of air violently on a body, Ke nay, it is probable, 
|  - that whatever removes the stratum of air from the 5 
surface of any body, or influences the cohesion of 


its parts, will disturb the electric fluid. 


The discharge of large cannon, and the Box vs 


8 of powder ene bas e known to elec- 
"2 glass/windows.” 75 


Ex RRIKENT III. Let a . 8 be + 

- E Silken lines, or upon glass, bring an 
excited electric near to it, and every part of thje 
metallic cylinder wilt attract.and repel TOR boilies 


BE hn: as; che excited electric itself. 
1 e 5 1 


A 


. 


"WO .- THE DISTINCTION 1 BETWEEN | 


ExrERIMENT Iv. Support a dry glass rod. 
on silken lines, or by glass, bring an excited elec- 
trie near it, and no attraction or repulsion will 
take place, becauge” the OTA cannot TOP, trans- 
mitted through wy: : 126 FL 
From these eee is . he SAY 
tinetion between those bodies which produce the 
electric fluid, and those which do not; the one 
having the power of ee this fluid, dhe 
other possessing no such power.. 
Those bodies which possess 14 power of trans- 


mitting ee are «lb; e won none 


electrics. on Vÿñũ̃ mo ut ard I 

Those bricks which are impervious to cke. 
= bed are called non-conductors or electrics.” | 
A body which communicates ro” woda but 


ee 1s said to be insulated. ty 85 


If all substances an Sh power of - 


; retaining: or poſting: with" the electric fluid, _ 


part of its phenomena would have re- 


4 — Aden to us; but, as it eee 


2 over the surface of some substances, while 


others resist its passage, or are nearly impermeable 
to it, we are enabl to accumulate, condense, 


and retain it on the ast, and own et Ny” 


to the test of experiment. VF 
From the two last Ane we omni) bat 


| exoted electrics will” communicate. the elec 


| 


e AND NON-BLECTRIOS. 2 


powers to PA FAT substances which are 8 
lated; that these will then attract and repel light 
bodies, &c. similar to the electric itself, with this 
difference only, that a conduetor which has re- 
ceived electricity parts with it at once when it is 
touched by another conductor that communicates 
with the earth, whereas the excited electric, un- 
der the same n 1 lose its . 
wy partially, 1 


A conductor cannot be dlectrified while it cook: 11755 
15 municates with the earth, because the ee 5 


is im mediately conveyed away. 


An insulated electrified ene . be 4. 5 
Ne of its electricity, by taking a spark from 

any part thereof with an uninsulated conductor. 
ExygrIMENT v. Electriſy with excited glass 


or sealing- wax two insulated cork balls, sus- 


pended by lines about six inches long, and the 


balls will separate from and repel each other. 


ExPERIMENT VI. Electrify one ball with 
1 9 the other with Nee and ff will 


: be mutually attracted. 


These two opposite and ity distinct „ 

Rs in the attractive and repulsive powers of 5 

4 electricity, whereby one attracts what the other 
 repels, were discovered 5 an 1 moe of the 1 5 


history of this science. pw 


l The electric power Peng by Ay excitation 
| of . is called 192 e, we the: Fe 1 
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dt by whe! excitation of sealing-wan i is 80 
F bo: e electricity. This difference was at first 
1 . 73 F on the electric, and it was 
5 then supposed that the two kinds of electricities 
were essentially distinct; but it is now known 

5 "0 that each of these powers may be produced from 

the excitation of either glass or sealing- wax. 
ES £ " Hectricians have been engaged, by the disco- | 
= 3 very of the two foregoing distinctions, to examine | 
E the electric properties of most bodies, to ascertain : : - 
1 e they possessed the positive or negative , 
=. powers. Buy these means the catalogue of electrics. 
A bas been considerably increased; and it was soon 
5 found that every substance we were See 
© - 2 Th, with . or less _— wht the e 
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| | „5 e in benen conduct Ly, well, . 
B 3 based dry a and warm. 5 | 
=p 2 55 5 Lime-stone and lime just burnt © are equally 

| - - : | imperiee conductors. | 1 88 = z 
__— Marbles cond uct cor Nadal 1 8 bes- „ 
7 | . none, and . is found 9795 little : difference | 5 


* + fe Dr eat mme, Coe on Bleciricty; u, 
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among any af. the « Specimens of marble that have 
been tried. 


. TO piece of md spar, with a tinge of 7 
blue, and semi- transparent, will hardly conduct in 
the least degree: rather strong sparks may be 

taken from the e bondage while it, is in 


; contact with 1 3 


XS 


A piece of 3 ee ee receives 3 
_- electric spark into its substance, though it will 
pass over about three-quarters of an inch of its 7 
.___ surface.to. reach the. finger that bolds it, and it XZ 
discharges the battery but slowly. 8 
1 piece of slate, such as is 5 0 0 | 
write upon, is a much better conductor than a 
piece of free · stone, which conduets but e 5 


Touch- stone conducts tolerably well. 
A piece of gypsum and plaster of Nr con- 


Avid very well, only the latter s dee 


surface takes a stronger spark. 


A piece of asbest from Scodend, just a as 561 1s 

5 9 from its bed, will not conduct. While in 5 
_ contact with the conductor, sparks may be taken 
at the distance of half an en with a moderate 


. electrification. 1 


A piece of Spanich e chalk: conducts much me 5 


marble. 3 i $ f . 


A piece of LIAR granite conducts convder ; 47 


9 ay better than FN 33) 
HOES) 4 N N DE 24 . N 5 Wc; 


* 6 


* 3 » 
99 5 . 
1 * a 


nur . 8 like tha 0 


% dein e eee 
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2. Saline Bodies. 


oil of ned Sent very well Ws ep geT 

The metallic e in 1 conduet better 
_ Shack any Dei l. 
Vitriol of copper ho of iron e very well, 
though they will not transmit a shock. 0 9 

"Poe tartar gives a small shock. 

© Salt- petre does not conduct so well as e 
1 If the electric explosion passes over its 
surface, it disperses into a great number of frag- 
ated; in elle enen "OD My e vio- 

- Volatile pale gives a * anal to 

© Rock-salt conducts,” but not quite so nels 
1 the electric spark upon it is peculiarly red. 


Sal- ammoniac exceeds rock- salt and alum in its | 


nanny powers, but will not take the least 
sensible spark; so that it seems To apy 0 an 
A W number | 5 


of the finest points. 
- Salenitic salts conduct but ds; Ws, 
875 alum the explosion is attended with a be- 
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8 5 pidoe: of 1 oh a black cola wha Sitka. | 
at a considerable distance from the prime Conde 
TOs. like some wo * inferior . of charcoal. 
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Another piece of pyrites, which has been part 
of a regular sphere, consisting of a shining metal- 
5 lic matter, will not conduct near so well, though _ 
= much better than any other stony substance. a is 
a medium betwixt a stone and an ore. 5 
Black-lead in a pencil conducts a shock seem- 

ingly like metal or charcoal. A small lump of it 
takes as full and strong a _—_ from Ds og | 
ee as a brass knob. . 


| kg 5 = 8 | Metals and Ores. | _ 


os 8 of b gold ore from Mexico is 80 y to be 
| e in this respect from the metal itself. 
A piece of silver ore from Potosi, e 10 5 
with pyrites, conducts: very well: „„ 
Two pieces of copper ore, one the most velus- 
ble that is known, and another of only half the _ 
value, are hardly to be — £ rom one 5 
another in their conducting power. a 

Lapis hæmatites conducts tolerably wall. 5 
Black sand from the coast of Africa, which is is a 
. 3 iron ore, and part of which is affected by the 


magnet as much as steel filings, is found to con- 


duct electricity, but not a shock. Separating 
with the magnet all that will be easily attracted by 
it, it conduets a ook eas Ga wo Thea rest would 5 
— hardly conduct At all. LA „ 

The ores in which the mend is e wich Z 
1 or. e. as s the. ores of lead, h and 
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3 the ore of quicksiver, are ne; inferior 
to I! and silver ore. | 
Ores that contain nothing but the nh of the ; 
85 conduct ee ie 80 than other | 
stones. „ 84. i 
© Lead, ans ro, bam, copper en rnd gol. 


7 8 


Tbe fluids of an ita Cds Ni Epe 
All fluids, excepting air and 5 „„ 
PFluids appear, in general, to be better e e 
tors in ee as TON contain 2 8 inflammable 
matter. 1 : N 

IX 2d in 'C * ; el 4 . . iron wire eee : 
ducts about four-hundred millions of times better 
than rain or distilled water; i. e. the electricity 
meets with no more resistance in passing through | 
a piece of iron wire four hundred million inches 
long, than through a column of water of a ame 5 
diameter only one ne, wolf 
Sea water, or a solution of one ot of alli in 
rhef water, conducts an hundred times, and 2 
saturated solution of sea-salt d ee god 
Suns times better tha} rain water. 


80 


1 N The effluvia of flaming beides. 975 | 
nn Snow, smoke, the vapour of 1 either 5 ** 
5 5 cuum a produced . an e enen Kc. * 


_ N 85 By es i is. ranked among conductors, Foe but; an bee, 
SF ene. Err. . * 25 i 5 6 5 | 
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STOP bn, ' ELBCTRIC BODTES. 
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4,7 


ber, 15 e Net e e all the ' 
precious stones, as diamonds, rubjes, garnets, to- 
pazes, hyacinths, chrysolites, emeralds, sapphires, 
amethysts, opals, and especially tourmalins; all 
resins and resinous compounds, wax, silk, cotton; 
all dry animal substances, as feathers, wool, hair, 
paper, &c. White sugar, air, pil; genre calxes 
of metals, dry vegetables, &c. 5 
I do not know whether it is Sls proper to 
add to this list of electrics the torpedo and Suri- 
nam cel, living electrics, whose electricity? 18 ln 
in action by the will of the animal. e 196-046 
The real and intrinsic difference besen 
tries and non: electrics remains among the electric 
desiderata; for nothing more is ascertained, than * 
that the conducting power in some measure de- | 
pends upon, or is governed by heat. Glass, resin, 
and many other articles, are made conductors by 
beat; while, on the contrary, cold, if not at- 
tended with moisture, renders every electrie sub: 
stande more electric. Tee cooled to 1g” below 0 by 1 
+ of. enden 8 thermometer becomes a non-con- FD 
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r. Achurd, of Berlin, has publiabed i in „keien OT 

c ons de Physique, 7 very ingenious paper on 

- this = OT ** Wand Be: 8 8 eten experiment, 
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18. That certain circumstances will cause a * 


to conduct electricity, which beſore was a non- 


: conductor. 2d. That these circumstances are the 
degrees of heat to which the body is subjected. 
There is certainly reason to suppose, that the dis- 
position in metals to conduct electricity, depends 


on the state of fire within them, and that there is 


a certain degree of heat at which a given body 


miy be at the medium between perfect conducting 


and non- conducting; and that conductors are 
bodies, whose electric state does not appear but in 
a degree of cold below the usual state of our at- 
mosphere; and that electries, to be rendered con- 
duetors, require a degree of Bent e n the 
5 usual state ideen math a ih == 4 
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oY LIST or ELECTRIC SUBSTANCES, AND or 


"THE. DIFFERENT RLECTRICITIES e 55 
"BY THEM. 1 e 928 to 


0 e with which it 
k fa at. 
The bac 0 a ca ;  Podtive — ha 1 kithe ied. 


9 
N 


5 5 17 


| bo . very eubstance 11 . 
eee . . 5 nd Oh 3 IDA Ne!” 


1 4 
3 5 3 DENT Fs 'E. J'S oY 8 3 
. N.. N : 1 7 „„ : 1 Lt} 
N 25 r 1 „VFC EIS * 2 


- 5 * m Been ka be er. ht fs; er Bet 


"Fs two inches diameter, Was 2 very imperfect conductor. By 
constructing a machine with A whirling spheroid of ice, he even 


; electrified a prime 8 80 1. to F rope HOSE hock. 6 


he. e . 


AND THEIR DIFFERENT nLECTRICITIBS. 45 


thy oiled ilk; e RY 
' tals, BIS 735 

Voolen/dloth, quills, wood, pa- 
| mein per, sealing-wax, white wax, 

([. the human hand. 

4 6 þ Fwitive Amber, air. 3 

15 7 2 Negative Diamond, human band. 


{ Positive Metals, silk,  Joadatone, 8 
8 85 the hand, paper, baked wood. 
Negative Other fine furs. 


| Pogitive 1 Black Silk; metals, black clofh.. 
Negative Paper, hand, hair, weasel's kin, | 


Positive ; Sealing-wax. x 
Er vi 'Hare's, weasel's, and ferret's 
akins, PREY; brass, 280 7 
. Pasitive „ 5 
„„ „ 
I Negative 4 


x 


skins, hand, leather, woolen. 
8 78 cloth, e „„ 

/ Poditive en e e lee 

8 me. 


e Spies dere eee e will : 
occasion an alteration in these contrary electrici- 
ties. It has been said, that of two equal sub- 
stances rubbed together, that which suffers the 
e Ken, or is mogt Nen, Cc uires A” 


| 5 * That is . ui freue. apo it, „„ 
--this means many electrics may be excited, an d some better ter, if 
the air blown e electricity 


n 


1 * 5 


C  OBSBRVATIONS. nt FT 


negative 1 Though this i in many cases 
holds true with respect to silk ribbons, yet Mr. 
Bergman says, that if the ribbon, A, be black, it 
will never become positive, unless B be black 
ann With pieces of glass the effect is con- 
trary; for, if they are both equal, the piece, A, 
Which ig drawn across the piece, B, becomes ne- 
gative; and B, which suffers the greatest friction, 
becomes positiye. | Heating by fire produces the 
 - same effect as the greater friction. If one piece 
e glass be thicker than the other, the former be- 
. comes positive, the latter negative. Coloured 
" Mw even when heated, becomes negative, = 
rubbed with common white glass. If a piece of _ 
blue glass is rubbed against a green one, the blue 1 
„„ lass becomes strongly . Fe, Bergman, 5 
> Swedish Tran. 1765. I 
DE: he electricities produced by "BR _ 0 | 
8 rubbed together seem to balance each other; and 
are therefore different according to the manner rof 
— rubbing and the quality of the bi = 
Hair of a living animal, or hair newly cut, eben by. 
= - rubbed with a glass tube lengthways, is po "20 
and here the glass, - which-suffers the greatest fric- 
tion, is negative. But, if the glass tube be drawn 0 
across the animal's back, or across à skain of air 
new cut, the glass becomes positive. Old dry 
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don. glass or on living bair, always * 
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| — 127 9 the same effect is produced 
as with living hair. Wilte, Swed. Tran. 1769. 
© Hleetrics differ from each other with respect to 
| the facility with which they are excited, their force 
4 when excited, and the power with which _— 
"retain the effects of the excitation. 
Silk seems preferable to any other electric ls 
— for exhibiting a permanent and 9 
7 attractive and repulsive power. : FF; 
Glass appears to have the advantage in \ erbibit⸗ . 
ing the electric light, attraction, and repulsion in : 
quick succession, in a very e 8 not | 
a durable manner. | 
Negative electrics, as W gum. lac, ml mn 
resin, and all resinous substances, exhibit the 
electrio appearances for the greatest length of 
time. A single excitation is sufficient to maxe 
them do so for many weeks, in favourable circum- 5 
stances. They are also remarkable for the oe” 5 
electric powers which they communicate to con- 
ns ducting: bodies that come in contact with them, 
and which they will continue to communicate for 
M0 considerable time. 13 482 Sw rey «His 
It may be proper to « Hh ny 8 60 
73 des of electrics and non-electfics are not 80 
= strongly marked by nature, as to enable the elec- | 
+ - trician-to arrange every substance with" propriety 
| 8 che sdme substance has been placed by di. 
© ferent writers in different class. Besides this; 
" the elec tric o properties of the same 8 
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+ ELECTRICITY 18 MATTER. | 


on a 2 change of circumstances: cad a piece of 
green wood is a conductor; the same piece, aſter 


it has been baked, becomes a non- conductor; 1 


charred, and formed into charcoal, it again con- 
ducts the electric, fluid; but, when reduced. to | 
asbes, is impervious to it. But further, the dises 


tinctions themselves are very improper, as every 


zubstance is to a certain eee a eue of 


this aa 5 1 7 5 


ES: 


„ [ : 
"> 


That bw is vo matter, 18 not a POP 5 
1 is evident from a variety of eireum- R Rh 


stances. When it passes between bodies it di- 


vides the air, and puts it into those undulations * 
which gives us the idea of sound. It emits the 
rays of light in every direction, and those rays are 
vatiously refrangible and e colorific, as other light 
© 7 is: and, if light is acknowledged to be matter, N 
e contrary. to reason and experience, that the . oe 
wise be mate= 
rial. Neither are the other senses unaffected at 
its Ry its smell is strongly phosphoreal or 1 
_ - gulpbureous: the sense of feeling: is a witness of 

- its presence, not 1 from the sparks which, 
1 whe e five: the conductor of a powerful _ 
gent, and will pass through two - - 
rr. 3 aue on the ground, but als 
e ae bene matter bas 


ee which emits it should not lik 


from the shock. A st 
* . j 1 8: ame taste. {Yo i LED 105 . 


SE 


is divided into three sorts, Solar, culinary, and ele- 


\ 
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BLECTRICITY is MATTER, „ 


Though the electric fluid has SR known and 
studied for many years, we are altogether igno- 
rant of 1 its real essence and nature; to me it seems 
Probable, that it is fire or ligbt connected with 
some terrestrial base. The analogies between 
the action of electricity and fire are very striking; 
some of these I $hall point out in the words of two 
able philosophical writers. Fire, says Mr. Jones; 


- mentary; the solar is that fire which resides in the „ 
orb of the sun, as in its reservoir or fountain, and „ 
proceeds from it in the form of light. The culi- 
nary is that fire which 3 is kindled on earth by arti- 
ficial means, and burns i in any sort of fuel. The 1 
elementary is that subtile fluid, wbich resides , 
constantly i in all gross bodies, and i is not 8 
rily distinguished by its beat as culinary. fire; by ; 
its light, as solar or Sidercal fire; but i is known by. | 30 
other effects, even in a cold invisible state- e 
II i it be true, that natural effects are not to be 
ascribed to many different means or agents, where 6. 
fewer will suffice, these three should be considered | 
4s, one and the! same fluid, because they have the 
same properties and the same effects. | The solar 
fire will burn in fuel, and act in solid matter with 
_ greater effect than 1 most) violent fire of a fur- 
nace. The culinary fire will promote. vegetation, D 
and ripen fruits like the sun. The elementery, DOT 3 
Mm N 5 will Se a . and fire gun. „ 
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N N dilating power of electricity. 
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0 THE ANALOGY BETWEEN : 


powder, like the culinary; will d a spectrum 
of the seven primordial calours, i in common with 


the solar rays, or the light of an ordinary fire; 


and will throw metals into fusion with a violent 
scorching heat, Fire is brought into action by 


— 


friction, as well as electricity. Fire dilates all 


bodies. The electric fluid has also a dilating 


power, which is evident from its action on a ther- 
| mometer; though, in general, the force wich 


1 


Fire promotes and acelerates vegetation. as well 


8 5 2s. germination. | Electricity, whether Positie or 
3 negative, does the same. 

2  Hlettricity, i well! as fire, accelerates eyapora-. 
| tion. 5 . 


4% 


Fire and ach ele the motion of the 


7 blood. * Lest fear, constraint, or attention to the 
85 experiment, might accelerate the pulse, and thus 
be attributed to electricity, | Mr. Archard made 
9 the experiment on a dog when asleep, and always. 
bound, that the number of pulsations were et 
25 eteased when the anim i} was electrified. | i 


The experiment "mai 4 by Mr. eee on a the 
erk of a hen, and. by < others « on the. eggs. ; of moths, | 
Ts FR that. electricity, 95 well ES s heat, favours the 
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'ELBCTRICITY AND FIRE —=—_. 51 


developement of those animals. The electric 
fluid, in common with; 1 willehrow metals into 
ee ke e e ee ee e e 
It substances with Wa et inf heat touch 
at other, the heat is diffused uniformly between 
them. Ia the same manner, if two bodies with 
unequal degrees, or different kinds of electricity, 
touch each e an a ar will 11 85 esta- 
blished. e 
ä bodies: A different kinds; and of cd 45 
35 grees of heat, are placed in à medium of a diffe- 
rent temperature, they will all acquire, at the end 
of a certain time, the same degree of heat. There 
is a considerable difference, however, in the space 
of time in which they acquire the temperature of 
the medium: er. gr. metals take less time than 
glass to acquire or lose an, equal degree of heat. 
On an attentive examination of the bodies 
which receive and lose their heat soonest, when 
they are placed in mediums of different tempera- 
ture, they will be found to be the same which 
receive and lose their electricity with the greatest 
| acility. Metals, which become warm or grow | 
Cool the quickest, are the substances which Ter 
ceive and part with their electricity soonest. 
Wood, which requires more time to be heated or 
. cooled; receives and loses electricity slower than 
metals. Lastly, glass and resinous substances, 
which: receive and lose slow] * the electrie bus, 
8 80 Ln , 5 2 5 
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acquire ih difficulty the rene of the 
medium which surrounds them. 1 
If one extremity of an iron rod bt heated 1 
* hot, the other extremity, though the bar is several 
ſeeet long, will become so warm in a little time 
that the hand cannot hold it; because the iron 
F .conducts heat readily: but a tube of glass, only a 
| few inches long, may be held in the hand even 
while the other end is melting. The electric 
fluid, in the same manner, passes with great velo- 
city. from one end of a rod of iron to the other; 
baut it is a considerable time before a tube of glass, 
aääaatꝗ one end of which an excited ee is ws 
= 7 will give electric signs at the other.. 
Tl ese observations prove, that 1 7" "ny 
tat receive and lose with difficulty their actual 
| degree of heat, receive and lose also with diffi- 
- „ culty their electricity... To determine if. this law 
is general, and what are the erties to it, in 
1 a variety of experiments. r 


73 


otiginally made by Mr. Canton. He procured 
some thin glass balls, of about an inch and an 
half in diameter, with stems or tubes about eight 
or nine inches in length, and electrified. them, 
some positively on the inside, others negatively, 
and then sealed them hermetically; soon aſter, he 
applied: the: naked OE. to: W and 


Fo 


"EXPERIMENT VI1. Shews us 7 55 ele. = 
8 may be put in action by heut and cold; it was 
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| BLECTRICITY Ax D FIRE. | 53 1 


could not G the least sign of their being 
electrical; but, holding them at the fire, at the 
distance of five or six inches, they became strongly 
electrical in a short time, and more so when they 
were cooling. These balls would, every time 
they were heated, give the electric power to, or 
take it from other bodies, according to the plus 
or minus state of it within them. Heating them 
frequently diminished their power, but keeping 
one of them under water a week did not in the 
least impair it. The balls rentined Weit virtue 
abe eir j „ Vt rniog 
I be tourmalin, and many as precious 8 
are also known to acquire electricity by heat. 


The tourmalin, bas always at the same time a po- 


sitive and negative electricity; one side of it being 

in one state, the other in the opposite. These 

powers may be excited by friction and 7 beat; 
nay, even by plunging it in boiling water.“ _ - pl 

ExrEIMENT vii. chewing the action of an 3 

electric fluid on a thermometer. Insulate a sensible & 
eee thennunetcy, and place the bulb be- "of 


a 


n 
* 
Arie, 


| * This curious tone! is e as 2 Ne 4 cemi-pelluid boss | 
is generally of a deep red, or purple colour, about the size of a 
: small walnut; it is common in several parts of the East Indies, . 


152 particularly i in the island of Ceylon. The Linnzan name is 


lapis dlectricus; and, from its property of attracting the asbes v7 
. the Germans call it aschentnickber . ; 
i | : Fur. 


\ 


* + 
, 


thence to the ground, elevated the quicksilver in 
eter from 68“ to 1105; repeatedly: to 
0 ow The thermometer was raised from 68 to 


" 


Co 
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tween two balls of wood; one uffined: to the eon 


ductor, the other communicating with the ground; 
and the electric fluid, in passing between the two 
balls, will raise the mercury in the thermometer 
considerably. With a cylinder of about seven 


inches and an half in diameter, the fluid passing 


from a ball of lignum vit to a ball of beech, and 


the the 1 


„ by the fluid passing from a point of box to a 


8515 of lignum vitæ; from 67 to 1005, from a 


point of box to a ball of box; from 667 to 1005, 


from a ball of box to a brass point; from 69 to 


100% from ball to ball; the NE of the therms- 
cook covered WW ime. * er eee 

= „ The bulb of the rmomete eee eee 
the scale, or with a contrivance to occasionally admit the seale 
at least three inches de the bulb, to be turned away from 
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CHAPF HL - 
OF THE ELECTRICAL MACHINE, WITH DIREC- 
' TIONS FOR- RECITING! 8 : 


As soon as the properties 7 2 were in 
some measure developed, the philosopher and the 
artist concurred in *contriving and executing a 
variety of machines to excite and accumulate this 
extraordinary agent. The greater part of these 
have been laid aside, in proportion as the science 
advanced, and its boundaries were extended. | 
I shall, therefore, only describe that electric ma- 
chine which is now in general use, whose con- 
struction is siraple, and well adapted to produce 
the electric fluid i in great quantities, : and transmit 
it in full and continued. Streams to the prime 5 
| conduetor., „ 

That the operator may 1 in . ; 
hip effect, 1 shall first enumerate those parts of 
the machine which require most attention; then 
describe the machine itself; and afterwards give | 
instructions to enable him to excite it powerfully. 

Ne following are the: parts. of an electrical 
ar which fall more Sramediately 1 under tho 
care of an eleeirieien. „%%% 34 ik ES. 
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236 THE ELECTRICAL MACHINE. 
1. The electric, or the glas cylinder, which i 1s 
| to be excited. _ 25 | 
EE, <2: The mechanical contrivances by which the 
1 leere is put in motion. | | : 
9. The cushion and its appendages. . pier 
4. The conductor or conductors. To 
Plate I, fg. 8, and the figure 1 in the frontis- 
Piece, represent two electrical machines made on 
the most approved construction. They are both 
mounted and used in the same manner, and differ 
only i in the mechanism I which the hs cragh is 
. in motion. a9 
The glass cylinder, HG, of hes lene: which 
is s represented i in fg. 8, is put in motion by a 
simple winch, U, which is less complicated than 
the multiplying wheel, and therefore not s0 liable 
to be out. of Gd: it is easier to manage, and 
ET may, in proportion to its size, be more powerfully” 
eẽxcited than those with a multiplying wheel. 
Many practical electricians, however, prefer ; 
machine which is moved by a multiplying wheel, 
2," us It fatigues the operator less than that w hich” 3 
moved by a simple wingh; while, at the same 
time, a moderate increase of velocity in the cylin- 
der is thought by some to augment the momen- 
tum of the electric fluid, and produce a greater 
quantity of- it in the same time; and that, When 
85 machine is red to a « table, * an « 7 


; 
„ 


cp 
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the lower multiplying wheel is more advantageous 


to the operator, giving him a greater power over 
the cylinder, and fatiguing him less: it. may also 
be turned with the right hand, which cannot be 
done conveniently with the other. It may be 
proper to remark, that those with a simple winch 
are somewhat less in expense e those with a 
multiplying wheel. e Tak 

ABC represent the mahogany or or wooden basis 
of the machine. ; bh 

D and E, the two e supports, which 
sustain or carry the glass cylinder, FG HI. 
These two pillars, for a more e ien 
are sometimes made of "nat N 

© The axis of the cap, K, passes through che sup- 
P D; on the Sendy of this axis either a 
simple winch is fitted, or a 1 ani to use wich 

the multiplying wheel. „ 

The axis of the other cap runs in a smal 
0 which is made in the top of the support, E. 
OP is the glass insulating pillar to which the 
1 PEE gg is fixed; T, a brass screw at the bottom 


of this pillar, which is to regulate the pressure of 


the cushion against the cylinder. This adjusting 
screw is peculiarly adyantageous. By it, the ope- 
rator js enabled to lessen or inerease gradually the 


pressure of the cushion: which it effects in a 


much neater manner, than it is, Paine to do 
when the be invulating Pillar, as in some 3 


. * 


— — one 
— * 


1 fixed 0 on a sliding board. The CR is some- 


EE En. DESCRIPTION or THE | 


times cemented into a wooden socket, jointed 


with hinges, and also moved by a regulating 


screw, T. This likewise answers very well. 


gh i, a piece of silk that comes from under 


je of the cushion, and lies on the cylinder, 


Passing between it and the cushion, till it nearly 


meets the collecting points of the conductor. 
Es Z represents the po 


collecting points immediately from the cylinder; 


LM, the glass pillar by which it is supported and 


insulated, and VX a wooden foot or base for the 
glass pillar. In general, electrical machines are 


sold with a single conductor; though there are 
many experiments where two are convenient, and 


from some improvements lately made in the appa- 


5 ratus, they are rendered exceed! 


DESCRIPTION or Wb MEDICAL kuzernie l ö 
MACHINE AND APPARATUS, BY THE EDITOR, | | 


e 


5 rubber, is called the negative co 


* . 1 , 
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The articles chewn 3 in the frontigpiece reprevent | 
© complete. electrical machine. and apparatus for 


* A -conductor fixed to, $226 or Mectsd with che late 


IN: netory and, where negative 


electricity is desired, is indispensablj necessaty to be applied to, 


or connected with, the rubber of the. machine. I have 1 — ; | 


it proper to ubjoin here a particular dexcription of the e app 
 ratus ms omg in the Some" bir. 


ositive prime metallic con- 5 
: . or that which takes the electric fluid by 


oper for ex- 


7 


— 
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organ purposes, as en applied in the prac» 
e. "ABC is the mahogany basis, which in this 
proper in the form of a chest, with a drawer 
to hold the several small articles when not in use. 
EG H, the glass cylinder which should be at 
least nine inches in diameter; O P, the glass pillar 
insulating the rubber above; T, the regulating 
screw which acts against a jointed socket, into 
which the pillar is cemented; g ki, the flap of 
silk; a bh, the pulley; c 4, the multiplying wheel. 
There are several unequal sized grooves in the 
cireumferences of the pulley and wheel, to suit the 
variable extent of the catgut band aſter much use. 
A simple winch is sometimes made to ſix on the 
axis, instead of the pulley, ab; 80. that in case of 
an accident of the band breaking, or at the plea- 
OP! of the operator, the winch only may be used 
order to put the cylinder into motion. 12 
is the form of the prime metallic conductor, which 
in this figure i is represented of the I shape, a ſorm 
more convenient than essential. LM the insu- 
lating glass pillar; VX, the wooden foot, like to 


the preceding michine;, ce 'f A, the improved me- 


2s s 


dical bottle, suspended from the conductor by the 
brass ball and wire fixed thereto; a h on the con- 
ductor, the discharging electrometer, consisting 
of a bent piece of glass, and sliding wire and ball 
5. This sliding wire is useful to regulate the 
degree of charge given to the jar e Fd, or any 
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other jar applied to the conductor, and from 


which a patient is to be electriſied, the strength 
of the discharged electricity being in proportion 
to the distance of the ball from the conductor. 
Lanes discharging electrometer, as fixed to a jar, 
is shewn at FE DGI, plate 5, fg. 85; but the 
precedin g one may be considered preferable, as it 
serves universally for any jar applied to the con- 
ductor. E, I, in the hands of the human figure, 
represent two glass handle directors, connected 
with two conducting wires or chains, m, n. The 
child in the figure is represented as receiving a 
stmall electric shock in her right arm, as far as _— 
one ball to the other of the directors, E, J. 0 
_ When the cylinder is put into ol the jar, 
ce 5 d, is charged in an instant by the conductor 
Vz; the electric fluid becomes thence sufficiently 
condensed to berge itself through the conduc- 
tor and air to the electrometer, ab, and thence 


HT I dint chain, m, to the director i, entering the 


arm of the child, and going to the other director 
- &, and chain a, to the hook, 4, or outside of the 
jar. Thus the electri cirouit is completed; and 
the patient electriſicd; the repetition of these dis- 


charges constitute -the: number of: shocks, the Z 


strength of which is regulated by the discharging 

clectrometer, ab. It is evident, that wherever 
the balls of the directors are applied, the 'shock 
Vill pass through chat part af the patient only 
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ak 1s; between them, One ho or wire 
is always connected to a director and outside of a 
Jar, and another director to the discharging elec- 
trometer. The handles of the directors are made 
of glass, to insulate the operator. from any effect 
by the electric fluid in its circuit. 
There is a small glass tube, partly coated with 
1 thil, placed within the medical jar, c ed; a 
wire passes through the brass cap, to communicate 
With the inside of this tube; another wire also 5 
passes through another hole in the cap, commu- 
nicating with the inside coating of the j jar; so that 
by taking out either of these wires, either the 
larger jar or smaller tube will be charged, accord- 5 
ing to the communicating wire left in. When 
the short wire only is left in, the small charges 
given to the tube are of very e considerable utility 
in medical practice; the shocks from it being of 
tbe most slender kind, and cannot cause any. e. 
agreeable effects or apprebension to timid patients, 5 
and, by the electrometer, can be diminished to a 
very small degree, not more in effect than a sim- 
ple spark from the prime conductor only. When 
the strongest sbocks are required, * Vir ampst 
be left both in the tube and jar. We, 
3 drawer. IS, sometimes made it in the. blen in- 3 
. of one in the basis of the machine, A B C, . . 3 
1 hold the oxiliary articles. Ne 8 is N „ 


e 
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drawers aud folding doors, io as to bold both the ” 
machir ne and apparatus when done with, keeping 
them cleau and dry, and forming a piece of neat 
table furniture in a room. But all these arrange- 
ments lay at the pleasure of the ee 2 1 
are according to the price given by bim. 

II the patient is not to be electrified by Ae, 
5 by sparks, he is to stand or be placed on the 
insulated stool, plate 2, fg. 8, and simply to hold 
a wire or chain communicating with the brass ball 
and wire fixed into the end of the conductor, as 
at V. The sparks to be taken from him by the 
ball of the balls and wire shewn at K, or, if ä 
the operator objects to a small sensation on him- 
E in taking the sparks, by th > ball/ and wire 

wich the gliss handle K, to which a chain or wire 
must be fastened to communicate with the ground, 
"lip along which the electrie fluid will pass with- 
out affecting the person taking the sparks in the 
Heli sensible manner.” At each end of the wires 
2 tlie balls and wires, shewn at N and K, are 
brass and wooden points, to be used for taking 
Ane streams of the electric fluid of different den- 

s from the eyes, and from patients when og 

ente might be too plngent or irritating: 

is a representation of an instrument Hato of 
. with a sliding wire and point, and is found 
a very convenient. article to take the electric . 
m or aura from an e 4 atient, *: 
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wire is to TY ien with the chain or wire 
connected with the conductor, or simply held in 


the hand when the patient is placed upon the 
insulated stool. The strength of the sparks or 


aura will be according to the degree of excitation 
of the glass cylinder, and the clean and LEY State 
of the rest of the apparatus, of 1 


N. ö - A: 
x 43,49 a+, "x, js 
. Re ; 
7 * 


DIRECTIONS FOR KEEPING THE MACHINE. 
Y Br Or AC OT bh IN ORDER, 5 HE OTIS” 1 2 5 


e tle electrical machine i is put in motion, 
examine those parts which are liable to wear, 
either from the friction of one surface against ano- 


ther, or to be injured by the dirt that may insinu- 


1 


ate itself between the rubbing surfaces. 


If any grating or disagreeable noise is how, | 


ah place from whence 1 it proceeds must be disco- 


bet, wiped clean, and rubbed over with a small 
quantity of tallow: a little sweet oil or tallow 


should also occasionally be applied to the axis. of 


the eylinder; for which purpose, there are usually 


two screws at the top of the pillar 1 which, 


when unscrewed, disengage a wooden piece, and A 


cause the axis to be freed fromm its supports. 
The screws that belong to the frame should be 


e and if [hey 90 they Should be 


. * . 


. F : 5 
The it dani 2 parts 'of the kale 
beer been looked, into d put in order, the 
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at some distance from t the fire. RT 


| vent the machine from acting powerfully.” 


» T 
- 
S 35 


| 7 25 of che conductor, to eraporate the . 
Ahh. vonld wen n the experiments. | 
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glass cy linder, and the pillars which, upper the 


cusbion and conductar should be carefully wiped 


With a dry warm old silk handkerchief, to free 


ihem from the moisture which glass attracts from 


: the air; being particularly attentive to leaye no 
| moisture at the ends of the cylinder, as any damp 
on these parts, carries off the electric fluid, and 
lessens the force of the machine. In very damp 


weather, or when the machine has been laid aside 
ſor some time, it will be proper to dry and warm 
the) whole. .machine, by placing it before, but also 


| Rn 
Take care that no dust, loose threads, or fila- ? 


Dy ments, adhere to the cylinder, its frame, the con. 
Aductors/ or their insulating pillars; because these 


will gradually dissipate | the electric fluid, and pre- | 


Rub the glass cylinder first with. A clean, 8 


5 == warm, cloth, or a piece of wash leather, and 
[ES then with a piece pf dry, warm, soft sik; do t the | 
OY chine 5 apparatus. ? Varnished glass pillars 1 must 

8 5 be rubbed more bghdy, than. the cylinder or un . 


insulating pillars . the 1 ma- 


"yes glass. Glas | be is less . 


wehe eee „8 
a0 iron may in, AR cages, be Ns on a be 


ES 
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5 rected, or a kind of vacuum is produced, where 725 
the cushion is in close contact with the ieee 
that the electric matter, agreeable to the law ob: 


wy 


rated from the, .cushion,, the fire issues forth in 


5 enen a @VANTITY. OF THE ELECTRIC FLUID. 


cessary to frame some idea of the mechanism by 


powerful manner, the machines which have passed 


sition, that the friction is between an electric and 
5 non· electric, and that the circumstances are the 


| wards that 


* 4 a ” $5 y 


or THE CIRCUMSTANCES NECESSARY. TO BE 


% 1 


ArrERDED ro, Ix ORDER TO EXCITE A 


1 
, 


In order to o find out an b efforenal: 50 of ex- 
citing powerfully an electrical machine, it is ne- 


which the cylinder extracts the electric fluid from 

the cushion, and those bodies which are conn 
nected with it; J have, therefore, subjoined those | 
conjectures: on which I have worked, and by 

which I have been able to excite, in the most 


through my hands; setting out on this suppo- 


most eg Whew ng are. the most 2 7 7 8 10 7 


It is en 85 the resistance dt. the air ah 


served by all other elastio fluids, is pressed to-ĩB 
ar bart where it finds least resistance: the ; 
same instant, therefore, that the eylinder i is sepa- ; 


_ abujidancey:; because the. resistance made to N 4 4 


_the action of the atmos Bete is lessened at tha 
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| * 1 5 1 circumstance is also to be FT OO 


into this hypothesis, namely, the effect which 
arises from the destruction of the attraction or 


- cohesion between the cylinder and cushion. The 


more | perfect the continuity is made, and the 


| . Quicker the solution of 1 it, the greater is the quan- | 


tity which will proceed from the cushion. But, 
as the fluid i in this situation will enter with avidity 
every conducting substance that is near it, if any. 
. amalgam lies above that part of the cushion which 
is in contact with the cylinder, it will absorb and 
carry back. part of the.electric fire to the reservoir 
from whence it was extracted.“ r 
If these conjectures be true, to excite an ele- 
trical machine effectually, we must, 
1. Find out those parts of the enchicn- which - 
ure pressed by the glass cylinder. 94747 
2. Apply the amalgam only to those parts. 9 912 


, = 3 3. Make the line of contact between the 2 | 


"om and cusbion bo Es as 50 


* The glass 3 as De at the 35 "Mr PET , 


: ee eee RT ies os and more 


\ 


generally of une qual diameters at their ends. Some years ago 
I contrived a plain. bent melallie spring, to, act between two 
narrow flat boards, to which the stuffed cushion i is glued; which 
| has been found to yield to the several irregularities in the cy- 
linder while in motion, and yet keep a constant and steady f 
e on its surface. We how j in ee it 12 805 as ' 


- 
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. prerent the fire that is collected Hom cy 


7 


FAbout « year 1772, 1 a 1 flap of 
leather to the front of the cushion; the amalgam 


' was spread over the whole of the flap; the cushion 


was then put in its place, and the loose flap of 


; leather doubled down, or rather turned in, more 


or less, till by successive experiments that situa - 
tion was discovered which produced the greatest 
effect: for, by this means, the quantity of amal- 


gam acting against the cylinder was lessened, and 
the true line of contact in some measure ascer- 
tained. Hence I was naturally led to contract 


the breadth of the cushion, a circumstance which 
has been since universally adopted by all electri» 
© cians; and thus, much of the trouble to which we 


were formerly obliged to submit, is done away. 


The amalgam is to be placed on that part * 
the silk flap which bears against the cushion; the 
cylinder 1 is to be rubbed with a piece of leather | 
which is covered with amalgam, which will ren 
der the contact between the cylinder and cushion 
more perfect, because it fills the smaller pores of 
the glass with amalgam, and deposits the super- 
fluous particles on the cushion. When the c y- 
linder is rubbed with the amalgamed leather, 5 
that part of the oiled. or black s Silk which. lies above 
dhe eushion is to be turned back; and if by acei- 
dent OY e of amalgaz stick to . they 


* 
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must he wiped off city, If the desde has 


not been used for some time, it will be proper to 
place it for a few minutes before a fire, and to 


take off the cushion and dry the silk thereof. 


If the electricity of the cylinder grows ls | 
| RT, it is easily renewed by rubbing the cy- 

linder with the amalgamed leather, * or by occa- 
sionally altering the pressure of the rubber before 


described on the eplinder, by 7 =o "One ” 
3 - on fc 

A very small quantity of FPS 0 over the 
1 is observed to give more force to the 


electric powers of the cylinder; the same end is 
answered by rubbing the cylinder with a coarse 
cloth that has been greased a e and afterwards 15 
| wiping it with a' clean cloth 5 


ExERIMENT 1x. When ue Slider is 1s pat 


5 into wor Ay a SHR! _ ee lines of 


+. 8 F = 13 o 3 e 
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- * A i of N FOLEY two or three inches in 
” diameter, glued on a, piece of pasteboard about four inches in 


diameter; on this, a little tallow and eome amalgam must be 


15 previously Spread: then the whole becomes an useful article to 
| hold 1 in the hand, and Apply to he mad while i in : pation, 


ys - 


275 1 think it propet to robes hte: that if; a de is heme 7575 
ina dry room, free of dust and damp, it is gearcely necessary 
to do more than wipe and warm it somewhat before a fire, we | 
apply the amalgamed leather to the cylinder, or "OO zome 
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fire will issue from the cushion; present a row of 
metallic points towards these, and they will dis- 
- appear. This experiment shews, the conducting 8 1 
substance collects the electric fluid before it can : 
de those e or be 2 into the N 
E [ A 
ens we 8 chat to Pars A 1 of the 
electric fluid which is excited, we must prevent „ 
the air from acting on the fluid which is put in 3 2 
motion by the excitation; because the air not onyy 4 
resists the emission of the fluid, but also dissipates 
what is collected on account of the condycting 
substances which are continually floating in it. 
These ends are effectuall y answered, by letting 
a non- conducting substance, as a piece of black 
or oiled silk, proceed from the line of contact to 
the collecting points of the prime conductor, and 
; Placing these points within its atmosphere. The 
streams of fire, which proceed from the cushion 
over the cylinder, shew whether the cushion bears 
vniſormiy against the cylinder; for they are most 
copious and dense at those parts where the pre- 
sure is greatest, but are uniformly dence when 
the pressure is  equable.. 155 Os ER. 
When the zinc amalgam is used, bs silk will 
sometimes adhere so strongly to the cylinder, 2 
to render it very difficult, to turn. To obviate 
N en eil e and then . „ 
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it over with a very an quantity of aurum mu- 

mh . or à little Wbiting. „„ 
The operator ought f not to ink his machine 

in good order, till it pours forth the fire in great 
 - _ abundance, and strong dense sparks are obtained 
* i quick succession from the conductor. When 
= the conductor is; rembyed, the fire should sprinkle 
2 round the aue, ad throw out Hy e 
2 - | brushes of light. - V ; 7 
=_ j cm of angle” OOTY in request a. 
; Feet. One is made of quicksilver five parts, 
zine one Part which are melted together in an 
2 -" tron ladle with a small quantity of bees-wax:F the 
bother is the aurum musivum of the shops. 4 
make either amalgam adhere closely to the Silk, it 
z necessary to grease it, wipe off che uf perſſu 

: 8 28 35 55 l and then spread the amalgam. 

- 8. The following experiment Seems to TR 


3 and confirm the foregoing conjectures on the - 
3 mechanism by whieh the Avid is extracted from 5 


8 
S's 


1 2 the eushion, 1 cbche bodies which are 
Wie a OORy 
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hy The objection I 0 to Wis 8 is, 17 tt N 
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eie 1 in smell, and disagrecable to ith hands ao bets 5 


=. with which it may happen to be in contact. EDI. Y 


Ii: 1 


5 See Dr. Higgins's method nol iced by Ne. 1 Nicol ON 5 
kenn 25,0f the allowing egen, bis. 
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EXPERIMENT Xx. On the effects of a e i 
continuity. Break a stick of sealing-wax in two 
pieces; those extremities that were contiguouns 
will be found electrified with contrary powers; 
one will be e the other SON „ elec- 
trified. FE io” FS, ED 
Sino the. third, edition of thin ie, Mr. Ni - 
Ws =" has made many experiments on the nature 
of excitation, and on the most efficacious me- 
thods of exciting an electric machine powerfully; 
they were communicated to the Royal Society, 
and read before them, June 25, 1789, and have 
since been published in the Philosophical Trans- 
actions; I have, therefore thought it a duty to 
add them to this edition of the Ones: a8 contaift» . 
ing much eee matter. r 5 
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ox THE BXCITATION' oF VELBOTRICITY. 


. A insel was mounted, and a deuten | 
we with ua silk flap, proceeding from the 


8 edge of the cushion over its surface, and thence 


half round the cylinder. The! cylinder was then 
| excited by applying an amalgamed leather in the 


by ; a manner. bs e e clevtrcity » was received by 0 
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conductor, and passed off in sparks to Lanes elec- 
trometer. By che frequency of these sparks, or 


by the number of turns required to cause the 


5 Sen the cylinder, and the excitation performed 5 
by the silk only. A stream of fire was seen be- | 
tween the cushion and the silk; and much fewer 
| sparks passed nen the vole: 00 the e 


spontaneous explosion of a Jar, the ae of the 


excitation was ascertained. „ at, Mir: Aer 


2. The cushion was 1 bon one cel 


nm” . 1 4 110 2 4 


3. A roll of Pe 1 ae "oy 8 


5 ths stream from passing between the cushion and 


the silk. Very . 0 Wen eee at Ho . 


| electrometer. . e 


„ = touch any part of the apparatus. A dense stream 
„ of electricity appeared between the rod and the 


4. A metallic A not 5 Was than in- 
terposed, instead of the roll of silk, so as not to - 


Silk, and the conductor gave very many sparks. | 
5. The knob of a jar being substituted in the 15 
place, of the metallic. rod, it Mw ee . 


5 8 | 
- "Se Tbe silk alone 8 piece & vin-foil ap- 
1 5 plied bebind it, afforded much electricity, though 
less than when the cushion was applied with a 


eee The hand, being applied to the 
Silk as a cushion, produced a degree of e N 1 
e 1 " 0 other e 51711 95 4. . 


* 
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dF 6 The dge of the hang: answered as well as N 
"the palm. e 209 „ 5550 
8. When = excitation bare a 5 was s weak, 
e of light appeared at the anterior part of the 
cushion, and the Silk was strongly disposed to re- 
ceive electricity; from any uninsulated cond uctor. 
These appearances did not obtain when the exci- 
tation was by any means made very, strong. an 
9. A thick, silk, or two or more folds. of 
silk, excited worse than a single very thin flap. 
| The een * po e een 
ed, 3 
410, 5 5 the . was 3 3 9 g 
linder, sparks passed between them; the silk was 
found to be in a wake DOES and the linder 
in a positive state, 
The foregoing 3 1 8 the — 
5 the silk is not merely to prevent the return of 
electrieity from the cylinder to the cushion, but 
that it is the ehief agent in the excitation; while 
„ he cushion serves only to supply the electricity, 
| . increase the pressure at the entering 
part. There likewise seems to be little reason 9 
doubt, but that, the disposition of the electricity 
to escape from the surface of the cylinder is not 
prevented by the interposition of the silk, but by | 
a compensation after the manner of a charge; the 


4 e en ee ae as the, cyli ader 4 = M Fa 
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is b avere and lastly, that the line of "OT ER 
tween the silk and cushion, in weak excitations, 
does not consist of returning electricity, but of 
electricity which passes to the cylinder, in con- 
| - Sequence of its not having been sufficiently sup- 
plicd, during its contact with the rubbing surface. 
11. When the excitation was very strong in a2 
eylinder newly mounted, flashes of light were 15 
seen to fly across its inside, from the beet 5 : 
gurface to the surface in contact with the cushion, i; 
24s indicated by the brush figure. These made 
* 85 | the cylinder ring, as if struck with a bundle of 
=, wall twigs. They seem to have arisen from part 18 
eu the electricity of the eylinder taking the om 
1 of a charge. This appearance was observed in a . | 
. . 5 nine-inch and a twelve-inch ae and the =. 
= property went off in a few weeks. Whence it 
EE appears to have been chiefly: bessa wie  |H - 
=. rarity of the internal air, eee wk 5 9955 a 
= E 12. With wier to eee 
9 8 "Ty in ks inside'of the cylinder, recourse was had th 
EC 3 plate machine. One cushion Was applied with 
7 > its alken ON "The plate vis ie inches i in _ th „ 
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meter, and two-tenths 81 an. inch thick. During 


the excitation, the surface opposite the cushion 
strongly attracted electricity, which it gave out 


when it arrived opposite the extremity of the flap. 


80 that a continual stream of electricity passed 
| through an insulated metallic bow terminating in 


balls, 'which were opposed, the one to the surfuce 
opposite the extremity of the silk, and: the other 


opposite the cushion; the former ball shewing 


positive, and the latter negative signs. The 
knobs of two jars being substituted in the place of 
these balls, the jar, applied to the surface opposed 


to the cushion, was charged negatively, and the 


other positively. This disposition of the back 


surface seemed, by a few trials, to be weaker the 


. stronger the action of the cushion,, as s jadged by {7 
FE the” electtic icity on the cushion side. 


HFlence it follows, that the bens Wa of ® 


cylinder. is so far from being disposed to give out 
| electricity during the friction by Which the ex- 
ternal surfüce een by Hey it every oh my 
| attracts Wes 


13. A plate of: glass e id 0 the RAY 


: 1 plate, and thrust under the cushion if such 4 


manner as to supply the place of the silk flap. t 


| rendered the electricity stronger, and appears to 
de an improvement of the plate machine; to be 
/ admitted, if there were oo: ee ee 2 
| / againit men e 


I ne e 
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. Two: eushjons, were then applied « on the 
| reite surfaces with their. silk flaps, so as to 
8 clasp the plate between them. The electricity 
Was received from both, by applying the finger 
and thumb to the opposite surfaces of the plate. 
Wben the finger was advanced a little towards its 
| correspondent cushion, 80 that its distance was 
less than between the thumb and its cushion, the 
: finger received strong electricity, and the thum 5 
none; and, contrariwise, if the thumb were ad⸗ 
wmuced beyond the finger, it received all the elec- 
| trigity,. and none passed to the finger. This 
Alectricity was not stronger than was produced by. 
= -. PIR the good action. of one cushion applied singly.... -. 


— 


8 > 5 The cushion i in par. 12, gave et clectrix 
=  city.when the back surface was Supplied, pre 5 
5 wp Surface was hunk jo cg its A: len _— 


—— OS ; 2 A 755 175 35 Fs 
<= 9 a 71 Pts. 2 


3 Feen the; te as, ber ia appears, | that . 
EE. no advantage i is gained by rubbing both surfaces; 
dat chat a welb managed friction on one surface 
e accumulate as much electricity as the present 
; ; of excitation seem capablę of collecting; 
but that, when the, excitatian;is. weak, on account 


a OY of the electric. matter not passing with sufficient 1 


. facility on the, rubbed surſace,. the. friction enables ; 
BP D0site.. surface to attract or receive it, and 
iki it ye e both surface , Pans offi in the 5 


1 * 
/ 


positive state; and either surface will give out 
5 more electricity than is really induced upon it, 
because the electricity of the opposite surface 


forms a charge. It may be necessary to observe, 


that we are speaking of the facts or effects pro- 
dueed by friction; but, how' the rubbing surfaces 
act upon each other to produce them, whether by 
ne or erg is not HTS he e of 
inquiry tee its 8340072 by. e 55 
It will bereafter ben seen, that plate machines 
0 not collect more ae than cylinders, in 


the hands of the electrical operators of this metro- 


. polis, do with half the rubbed surface; which wa 


_  corrobdration of the inference here made. 


16. When a cylinder is weakly excited, the | 


| appearances mentioned in par. 8, are more evident 
_ * \- "Ye? more! rapid the turning. In this case, the 
15 avidity of the surface of the cylinder beneath the 
Silk is partly supplied from the edge of the silk 
hich throws back a broad cascade of fire, some. 
5 £ times to the distance of above twelve ine hes. 


* 


city of turning required to produce the maxi- 
of intensity in the-conduetor. | The stronger 


| je "the! excitation, the quicker may be the n 
„baut it rarely exceeds five "ou of the e to nd 
the cushion in , oj bel 
IP If a“ piece of silk be afplic to a ent 
* e down eng W 80 chat it eee 
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From these causes it is that there is a determihate 
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\ 


half the cirgpinſermnee; and the 1 be 4 
turned and excited by applying the amalgamed 
leather, it will become very greedy of electricity 
during the time it passes under the silk. And if 
the entering surface of the glass be supplied with 
electricity, it will give it out at the other extre- 


5 mity of contact; that is to say, if insulated con- 


ductors be applied to the touching ends of the 


EE. silk, the one will give, and the other receive elee- | 


_ tricity, until the intensities of their opposite states 
are as high as the power of the apparatus can 
bring them; and these states will be instantly re- 
versed by ning che 1 in 7 e 
direction. 2 > 
As this discovery promises to be of ts greates? 
use in electrical experiments, because it affords 
the means of producing either the plus or minus 


states in one and the same conductor, and of 


instantly repeating experiments with either power, To 
E and without any change of position or adjustment 
— of the apparatus, it PRES e be woe 
| minnte examination j 
18. There was little hope 4 6) PR 1 1 
Feen be dispensed with. They were thereſore 


auaded; and it was then seen, that the electriſied 


. conductors were supplied by the difference be- 


w tween the action of the cushion which had the T + 
Eo — advantage of the silk and that which had not; o | 
I 5 © 1 * naked face e We "I WOT in 


1 a SEE 3 
DES . ; 
| TY Ee „„ . | IR, 
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a a strong electric state. Methods were used for 


taking off the pressure of the receiving cushion; 
but the extremity of the silk, by the construction, 


not being immediately under the cushion, gave 
out large flashes of electricity with the power that 
was used. Neither did it appear practicable to 


present a row of points, or other apparatus, tg 


intercept the electricity which flew round the 
cylinder; because such an addition would have 
materially diminisbed the intensity of the conduc-. 

tor, which in the usual way was such as to flash 

into the air from rounded extremities of four 
inches diameter, and made an inch and half ball 

become luminous and blow like a point. But the 
greatest inconvenience was, that the two states 
_ with the backward and forward turn. were seldom 
equal; bocause the disposition of the amalgam on 
the silk, produced by applying the leather to the 
cylinder in one direction of turning, was the re- 


. verse of what must take pln me” eee 


; . was performed. 


Notwithstanding all this, as the Hoon Sh 
605 RA two cushions was such as most operators e 


| p have called strong, the method may be of use. 


19. The more immediate advantage of this — 
covery is, that it suggested the idea of two, fixed 
ecushions with a moveable Suk flap and rubber, 


Upon this principle, whieh is so simple and ob- 


55 arts: that it bs ene it Shanks; bv been 0 


ö 
: 
: 
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=. long riots: . Mkchine was oonstructed by 
3 FE, Mr. Nicholson with one conductor, in which the 5 
5 two opposite and equal states are produced by the 
: simple process of loosening the leather rubber, 
and letting it pass round with the cylinder, to 
3 12 which it adheres, until it arrives at the opposite 
E gde, Where it is again fastened. A wish to avoid 
=: 8 prolixity prevented his describing the mechanism 
by which it is let go and fastened in an instant, at 
the same time that the cushion i is made either t o 
| press or is withdrawn, as occasion requires. - 
20. Although the foregoing series of experi- 
ments naturally lead us to consider the silk as tbe 
chief agent in the excitation; yet, as this business bg 
— was originally performed by a cushion only, it bes _ : 
comes an object of due to determine what 5 
Veppens! in this cage. e „„ 


21. The great Becca N -qhat in a 5 5 
Simple cushion, the line of fire, which is seen at : 
he extremity of contact from which: the surface of 
3 — the glass recedes, consists of returning electricity; 
| 3 add Dr. Nooth grounded his happy in ven _ mol 
=p the silk flap upon the same supposition. The 
3 former asserts, that the lines of light both e 
3 entering and departing. parts of the surface = 
* > Ry want NO thence 8 neh * 1 5 
* 4 ET oy fe bo BY bps eres 0 PT CER LEES a bert 1125 2 . 
| NF ” O00: | osoph " Tramactons, BY by, Y my . 
3 * 1 
'Y + 
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dds on the othice.” Mr. 286705 finds, bone 


that the fact i is directly contrary to this assertion, 


and that the opposite inference ought to be made, 
as far as this indication can be reckoned conelu- 
sive; for the entering surface exhibits many lumi- 
nous perpendiculars to the cushion, and the de- 


ee surface exhibits a neat uniform lite of 
light. This circumstance, together with the con- 


sideration that the line of light behind the silk in 


Par. 8, could not consist of returning electricity, 7 


. shewed the necessity of farther examination. 


„Mr. Ncholbon therefore applied the edge of the 


band as a rubber, and by occasionally bringing 


forward the palm, he varied the quantity of elee- 
tricity which passed near the departing surface. 
When this was the greatest, the sparks at the 


electromèter were the most numerous. But, as 


; - the experiment was liable to the objection, that 


the rubbing surface was variable, Mr. Nicholson 
pasted : a piece of leather upon a thin flat piece of 
wood, then amalgamed its whole surface, and cut 
its extremity off in a neat right line close to the 


wood. This is being applied by the constant action 


of a spring against the cylinder, produced a BY 
excitation, and the line where the contact of the 


cylinder and leather ceased, as abruptly as possi- : 
ble, "exhibited a very narrow fringe of light. 
Another piece of wood was prepared of the same 


wich! as the TM: but olle g rarter olan inen 


5 2 : 
b 3 q 
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thick, with its edges rounded, and its 3 sur- 
4 . face covered with tin-foil. This was laid on the 
=: back of the rubber, and was there held by a small 
3 spring, in such a manner as that it could be slided 
_ onward, so as occasionally to project beyond the 
= rubber, and cover the departing and excited sur- 
ase of the cylinder, without touching it. The 
2 sparks at the eleetrometer were four times as nu- 
3 merous when this metallic piece was thus pro- 
= ; | jected; but no electricity was observed to Pass 
x between it and the cylinder. The metallic piece 
Was then held i in the hand to regulate i its. distance- | 
from the glass; and it was ſound, that the sparks 
at the electrometer inereased in number as it was 
| brought, nearer, until light appeared between. the 


ET metal and the cylinder, at which time they be- / 


came, e fewer. the ncarer it, was, Fronghts. and at . 

BY  ceaged when it was in contact. 

SE i . The following, conclusions appear ta, Ts 5 Fa 

© ©  eible from these experims nts. 1. The line of light 

4 = -- 2 . — on. A W departing. from. a simple cushion 

A consists of returning electricity. 2. The project - 
ing part of the cushion compepaates the electticit 


upon the cylinder, and by Jimigishing. its inten- 5 


aZzity, prevents its striking back ini VE, large quan- 
= 4 tities as it would otherwise do. 
were no such compensation, very little of the ex 


"cited entern be carried off; and, 4. That 


0 A by 1 : 2 1 
r #4 
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inereased, in an higher ratio than that of the dis- 


tance of the. compensating substance; because if 
it were not, the electricity which has been carried 


off from an indefinitely small distance, would 
never fly back from a greater e and from 


| the edge of light. . 

22. Mr. N cholson hopes the 3 inten- 
ity be speaks of will be an apology for describing 
the manner in which it was produced, wishing the 
© theory. of this very 6bscure process were better 


known; but no conjecture. is worth eee 
The method i is as follows: 
' Clean the cylinder, and wipe the Ee 

Grease the cylinder by turning it 5 


. leather till it is uniformly obscured.” Th 
: tallow of a candle was used. 5 


Turuſthe cylinder till the gil Hap hes ined off 


= 80 much of. the ad as to Fe it e 15 


parent. ; ; f\ 8 42 } 


Put eam amalgam. on a piece „ 1 
spread it well, so that it may be uniformly. bright. 85 


Apply this against the turning cylinder. -,; The 


friction will immediately ingrease, and the leather 
„ must not be , vin. it th ye: Heng | 


* * * 
- 5 : 
35555 
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4 F 5 SY 


> I 
. * 


84 ON THE EXCITATION 


pressed t the Silk by a te spiral spring 
in the middle of its back. The cushion is loosely 


' retained in a groove, and rests against the spring 
bo only, i in such a manner, that by a sort of libration 
upon it as a fulcrum, it adapts itself to all the 
irregularities of the cylinder, and never fails to 


touch in its whole length. There is no adjust- 
ment to vary the pressure, because the pressure 


cannot be too small when the excitation is pro- 


perly made. Indeed, the actual withdrawing of 
the cushion to the distance of one-tenth of an 


inch from the silk, as in PRs 85 I not materi- 


ally affect a good excitation. , WL 16.4 
The amalgam is that of De. Higgs ee 

af dine and mereury. If a little mercury be added 

to melted zinc, it renders it easily pulverable, and 


more mercury may be added to the powder to 
make a very soft amalgam. It is apt to erystallize 
by repose, which seems in some measure to be 
8 prevented by triturating i it with a stnall proportion 


of grease: and i e Sy ee to  triturate' 


it before using. 15 
A very strong ne may be rite by 


applying ehe amalgamed leather to a clean cylinder 
With a clean silk. But it soon goes off, and is 
not 80 td as the foregoing, Wh NE Several | 


A 


wy... . 2 1 
23. To: give Some e ese „ 
which other eleetricians may determine whether 


1 


94 
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the intensity they to exceeds or falls Short of 
that which this method ae, 1 Waile mention a 
few. facts. 

With a e e seven Fs 38 and 
cushion eight inches long, three brushes at a time 
constantly flew out of a three-· inch ball in a sue- | 
cession too quick to be counted, and a ball of one 
and an half inch diameter was rendered luminous, 
and produced a strong wind like a point. A nine- 
inch cylinder with an eight- inch cushion o 
sioned frequent flashes from the round end of a 
conductor four inches diameter: with a ball of 5 
two and an half inches diameter the flashes ceased 
now and then, and it began to appear luminous: 
a ball of one and an half inch diameter first gave 


the usual flashes; then, by quicker turning, it 
7 became luminous with a bright speck moving 
about on its surface, while a constant stream of 
air rushed from it; and lastly, when the intensity 


was greatest, brushes of a different kind from the 
former: appeared. These were less luminous, 


but better defined in the branches; many started 


out at once with a hoarse sound. Tbey were 


reddisb at the stem, sooner divided, and were 
greenish at the point next the ball, Which was 
brass. A ball of x * inch diameter was surrounded 


by a steady faint light, enveloping its exterior 5 


bemisphere, and Sometimes a flash struck out at 


Bed 
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top. When the excitation \ was Abbitte; a few 


flashes struck out sideways. The horizontal dia- 


meter of the light was longest, and might _ 
sure one inch, the stem of the ball being vertical. 
This last phenomenon is similar to a en 
event related by M. Laommi Baldwin,* who raised 


an electrical kite in July 1771, during the ap- 


| An of a severe thunder-storm, and observed 
bimself to be surrounded by a rare medium of 
fre, which, as the cloud rose nearer the zenith, 
| and the kite' rose higher, contivicd to extend It= 


self with some gentle faint flashes. © Mr. Baldwin 


felt no other effect than a general weakness in his 
joints and limbs, and a kind of listless feeling; all 

which, he observes, might possibly be the effect 
of surprize, though it was suffioiĩent to discourage 


bim from persisting in any farther attempt at that 


time. He therefore drew in his kite, and retired 
to a shop till the storm was over, and then went to 


big house, where he found his parents and friends 


much more surprized than he had been himself; 
who, after expressing their astonishment, informed 
him, that he appeared to them, during the time 
he was raising the kite, to be in the midst of a 
large bright flame of fire, attended with flashings "I 
and chat Wy Rey Yr moment to see bim 5 


. 


4 * Aeon of the American auen. vol. 3. p. 467, 


? 


or ELECTRICITY. B87 


Cal 2 ene to the flame. The same > was Ob- 
served by some of his nein who lived near 
the place where he stood. 

This fact is similar to another chocryed by 
M. de Sausgurt on the Alps, and both are referable 
to my luminous ball with the second kind of brush. 

The cloud must have been negative. f 

With a twelve-inch cylinder, and rubber of _ 
seven and an half inches, a five-inch ball gave 
frequent flashes upwards of fourteen inches long, | 
and sometimes a six-inch ball would flash. I do 
not mention the long spark, because I was not 


55 provided with à favoutable apparatus for the two 


large cylinders. "The seven- inch cylinder affords. 
a spark of ten inches three quarters at best. The 
nine inch cylinder, not having its conductor insu- 
lated on a support sufficiently bigh, afforded 
flashes to the table which was fourteen inches 
distant. And the twelve-inch cylinder, being | 
| mounted only as a model or trial for constructing 
a larger apparatus, is defective in several respects. 
When the five- inch ball gives flashes, the cylinder 
is enyeloped on all sides with fire, which rushes 
5 from the receiving part of the conductor. Points | 
are not used, but in a simple machine the con- 
ductor is brought almost in contact with. the cy-. 
linder. I 
the rubber is not e serves that e 


4 


this apparatus, the cushion to which | Ts 
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24. Tho marks PER the intensity as de- 
duced from simple electrifying. The rate of | 
charging was 8 the same in x all the three * 
linders. „„ 1 r 

A. large, jar of 350 square 88 or near two 
and an half square feet, with an. uncoated var- 
nished rim, of more than four inches in height, 
was made to explode spontanequsly, over the rim. 
The; jar, when broken, proyed to be O. 082 inches 
thick on an average; and the number of square 
feet of the surface of the cylinder which was 
rubbed to produce the charge of one foot was, 
when least, 18.03, and when most, with good 
excitation, 19434, The great machine at Harlem 
charges! a single jar of one foot square by the 
friction of 66.6 square feet, and charges its battery 
of 225 square ſeet at the rate of 94.8 square feet 
rubbed for each foot. The intensity of glectricity 
on the surface of the glass i is therefore considerably . - 
less than one-fourth. of that, here spoken of; but 
if we take the most favourable. number 66.6 at the 
_ commencement of turning, and halve it en ag- 
count. of the unavaidable. imperfection, of. a plate 
machine, as shewn in par. 14, it will be found, 
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would cause a cylinder to en one square ſoot 
by the friction of thirty-three and an half square 
feet. It must be observed, however, that M. Van 


Marum's own machine, consisting of two plates 
thirty-three inches diameter, has only half the 


intensity, though he reckons it a very goed one. 

This machine is about equal in absolute poi | 
my nine-inch cylinder, with its short rubber; but 
it is near thirty times as dear in price. In all thege 


ey EW... 


deductions the computations. are. omitted for the 
sake of brevity, and because they are easily made. 


The data are found i in the description of the Tey- 
lerian machine, and its continuation published at 


Harlem i in the years, 1785 and 1787. 00 
The action of the cylinder, by a Ne pr 


or the hand, which excited the astonishment. of all 


Europe, i in the memory c of our co-temporaries, was 


Ferst improved by the addition of a leather flap; 


then by moistning the rubber; afterwards by ap- 


plying the amalgam, and, lastly, by. the addition 
of a a Silk flap. Now we find, by experiment, that 
we at present obtain upwards of forty times the 
intensity which the bare hand produces; and con- 


sequently that, since eighteen. times our present 


- Intensity y will equal the utmost we can now con- 
dense on strong | 
0 charge, we have 12 less step to take | before we 
arrive at that amazing power, than our immediate . 


N lass, eren in the form of a 
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Taz evidence af! the external SENSES is obviously | 
the primary principle from which all physical 
Knowledge is derived; but whereas nature begins 
with causes, which after a varjety of changes pro- 
I duce effects, the senses open upon the effects, 
and from them, through the Slow and painful road 
of experiment and obse vation, g ascend to causes. 
Man appears upon the stage of this material 
system as upon a visionary theatre, f in 'which he 
| looks only upon | the exterior of things, as the « eye 
upon a flower that is full blown, or upon an insect 


c . in all the pride and beauty of i Its colours; without 


Fe observing immediately the different stages through | 
which they have passed, the different forms they 2 
have assumed, the di ferent changes they have 
undergone, and without descending to the seeds 
; and principles from which they spring, and which | 
upon examination will be found totally different 25 
both i in form and colour. | In like manner are the 


i bi 
aa 


senses, the ultimate criteria of all pbysical know- | 


"ledge, liabi e to be imposed upon and deceived i in 


14 
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regard to the qualities and causes, the powers and 
operations, of physical bod. 

The senses are, therefore, to be assisted A. va- 
rious observations taken with diligence and cir- 
cumspection, and to be undeceived by different 
analyses, which divest nature of her external and 
compounded form, and lay open her internal me- 


chanism and construction: their errors and mis- 


conceptions are to be corrected by the use of ex- 
periments of different kinds, which penetrate her 


inmost recesses, and descend to her remotest 


causes. By the application of such assistance they 
are enabled, not without difficulty, to leave behind 


the fallacious exterior, to pass from one appear- 


ance to another, and, as far as human research can 
£0, to judge of the realities of things. 
Nothing, perhaps, has contributed more to the 


g establishment of truth, and the- advancement of 5 


genuine science, than the transition from meta- 


physical reasoning to experimental philosophy. 


Mere conjecture, however plausible, or fondly 
embraced at first, affording at length but little 
satisfaction to the mind, we are constantly wish- 


ing for the evidence of facts; and finding but 


few speculatire points, but what are liable to be 


controverted, we are obliged to seek for demon- 
strative proof, by tw. to K opener es. 
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This is | eminently, true with respeet to electri- 


ih a field of inquiry, wherein fancy has, in- 


deed, sufficiently exhibited ber luxuriangce. No 
other science has had, more admirers, nor been 
subject in so short a space of time, to so great a 
variety of hopotheses: these have been changed, 
corrected, and improved, almost as often as the 
instruments and machines which have been made 
use of upon the occasion. Indeed, so little of the 
nature of electricity was known before the: appara- 
tus became considerably extended, that even the 
existence of the agent seems to have been a matter 
of speculation; but, after the instruments bad 
demonstrated that. such 1 fluid. actually existed, 
the made of [that existence was. altogether. unde- 
termined, and became a subject of much dispute. 
Some have supposed the electric matter to be a 
Kind. of. unctuous effluvia, arising by means of _ 
friction. from substances termed electrics per se; 
others, the ether pointed out by Sir Jaac Newtsn, 
in the effects of which a certain subtile medium was 


10 concerned. Some called A. elementary fire, and 
imagined it to be a modification of the fire they 
termed an element; while others conceived it o 
. fluid distinct from chemical fire, but of. a 


- 


nature greatly resembling V 


After two opposite and remarkably. ru 


__ e ects had been observed in the attractive and 5 
f repulsire be of electricity, according: as th 2 ey 


of electricity became more complex; and a few 


. City, because they were then thought to be more 


pearances which were aſterwards produced by 
means of this discovery seemed sufficient to esta- 


3 


electrical fluid is equally distributed among diffe- 

| rent substances, we cannot discover any sign of is 8 
existence; 4 striking p ro 1 

; knowing the See of cettain oubstanees other-" A 55 4 a 


enten 087 


were excited in different substances, the theories, 
gentlemen, with M. du Fay at their head, as- : 
Serted the existence of two distinct fluids, which | 
they called the vitreous and resinous electricity, 1 
in order to account for the different phenomena 


which they observed to arise from the excitation 


of such substances. To these hypotheses may be 


added the ingenious Abbe Nollet's doctrine of 
2 electrical affluences and effluences, which be 50 
strenuously maintainect. 


When it was discovered that this twofold elec- 


tricity might be procured by one and the same 


substance, and from the same machine, the sub- 


1 n ject appeared entirely in a new light, and the 
terms were presently changed from vitreous ac 


resinous to those of positive and negative elect 


adequate and expressive of the fact; and the a 


blish at least the opinion that all electrical pheno-:- . 


mena are effected by a fluid, extremely hong 
and attached to the particles of all other matter. 1 „ 
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You have been already told, that as long as the. 
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wise "WY by their effects: as long as the electric 
fluid remains in its natural state, its effects are 


invisible, and we are totally insensible of its 
power; but whenever the equilibrium is disturbed, | 


we are immediately sensible of its effects. q - 


the electric fluid adheres to the are of 


= elecurics more strongly than to the surface of con- 
ductors: and hence, when two such substances 


are rubbed together, part of the natural quantity 
belonging to the conductor adheres to the electric. 


Without this property, the existence of the elec- 


tric fluid might never have been discovered. Had 


* 9 


all bodies been possessed of an equal power of 


retaining and parting with the electric fluid, we 
should neither have had any means of exciting its 


appearance, nor have become in any measure sen- 
sible of its effects; but, because some substances 
freely admit of its passage through their pores, 
while others seem nearly impermeable to it, we 


can easily disturb the equilibrium by making the 
fluid pass from one body to another; and when it 


is thus collected, it is easily detained, by support- 


ing the electrified body on such other ene, | 
as will not admit of the fluid's passage. . 
That the principal source of the ee Avid 


1 is the earth, is a position now generally adopted, . 


and may be rendered clear by insulating or cutting 


1 * communication of the fabbex. Os the 
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5 x1. On the effects of insulating 


the cushion. If the cushion and the conductor be 


both insulated, it is observed that less of the elec- 


trio fluid is obtained, the more Feet the insula- 


tion is made. 1 
Secondly. The same expres. jo with, a 


machine furnished with two conduetors, one con- 
nected with the cushion, the other as usual. 


Turn the cylinder, and both will be N 


but any electrified body which is attracted by the 
one will be repelled by the other: if they are 


brought sufficiently near. to each other, sparks 


will pass between them, and they will act on each 


other stronger than on any other bodies. If they 


are connected together by a chain, the action of 
one destroys that of the other, and neither will 
exbibit any electric appearances, though the fire 
proceeds from the cushion to the conductor ag; 
before; but being immediately conveyed away 

from thence to the cushion, A hot, remain * 


their natural state. 1 
The conductor 1 with as 3 is 


: * to be. electrified negatively; that placed o — 
posite thereto, is said to he electrified positively. 


Jo render this subject still plainer, if ba 


5 shall int introduce another experiment, 5 more so 


88 it is one which few writers mention. 75 
ExrERIMENT XII. Conductors electrified with | 
the Same Pugh: | Weovify two, eanductors * | 
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by placing them Bags the cylinder, that is, live 
triſy both positively, and the following obserya- 
tions may be made: 1. That what is attracted or 
repelled by the one, is also attracted and repelled | 
by the other; whereas, in the foregoing instance, . 
what the vtfe attracted, the other repelled. '2. That 
no sparks will pass between two conductors 
equally electrified with. the same power, though 
they will pass continually between two electrified 
with different powers. 35 Connect the two oon- 
duetors that are before the cylinder, and sparks 
may be taken from them, which cannot be done 
from the. others when they are united. 
ExrERIMENT XIII. Take a glass tube, and 
by drawing the hand with a Piece of flannel over 
the surface, the tube will soon be electrified. 
The matter leaving the hand passes to the glass, 
where it remains as an addition to its natural 
- quantity: for, as neither the glass nor the air are 


= _ conductors, . the redundancy” of the electric fluid i 


cannot escape till some non: electric body ap- 
proaches it. If a piece af metal or the hand be 
presented to any part of the tube, the ff fluid Will“ 
Pass to the metal with a crackling noise. 

But, if the p that rubs the a be insu- 
; lated; another person standing on the floor, on 
applying his knuckle from one end to the other 
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but no more, as it cannot get a fresh bh. gupply:! from 


the. earth. 16 . 
| ExpuRIMENT 3 XIV. chewing: ths bined ap- 


pearances are produced. both in the electric which is, 


ewcited, and the substance by which it is excited, 


provided that substance be insulated; but their elec- 
tric. powers are directly reverse of each. other, and 
may be distinguished by opposite effects. 


First, with a machine with an insulated rubber 
but no conductor connected with it. 


Put the machine in action, connect the can | 
: 1 a chain with the ground, and on turning the 
| machine the conductor will be electrified, will 
attract and repel light bodies, and exhibit the 
usual electric appearances. Take the chain from 
the rubber, and suspend it to the conductor, and. 
the cushion will now attract and repel light sub- 
stances, and exhibit the same general appearances 4 
with the prime conductor. If the cylinder be 
turned while the. chain is suspended from the 
prime conductot to the ground, or any blunt body 
to the knob. at the back of the cushion, so that 
sparks may pass between it and his knuokle, he is 
. then said to receive negative sparks . C F46 . 
. But, if the chain be taken from tha -prime 
| condupter, and suspended from the knob of the | 
cushion, and a person present l within 
the, strikiug distance of the prime c conductor, he | 


will Habs what a are e called positire Sparks, 


of 


= 98 1 BFARTH THE SOURCE 


The senses cannot determine the divedtion!' in 
which the electric matter moves, but the general 
opinion is, that, in a common electrical machine, 
it passes from the cylinder to the points of tbe 

conductor; J and as the cylinder; as you have seen, 

affords very little electricity when the rubber is 

insulated, it follows, that it receives its electricity 25 

from the rubber; for, unless the rubber be at 
liberty to receive an equal quantity from the earth, 
that is, unless it be uninsulated, it can part but 

| with a small quantity to the cylinder. On this 

| suppoxition, it is taken for granted by many, that 

* the rubber, when insulated, must lose a part of its 

; natural quantity by friction with the cylinder, and 

cConsequently, a conductor communicating with it 
N 25 must be negatively electrified; and that the cy- 

under, at the same instant that it imparts the 

3 * _ "electric matter to one conductor, exhausts an 

—_— equal quantity from the other hte is deomnebted | 
= 5 © OI Nee” „ 5 

© © EXPERIMENT Xv. Pn e Jof er 2 

= - 2 the electric fluid” comes from 'the earth. Let 

vue person stand on a glass'8tool, or be insulated, 
adAnaqd rub a glass tube, and let another person on a 
_ _ glass 8tool take the fire from the first, they will 

both of them, provided they do not stand so ner 
as to touch each otber, appear to be electrified to 

a 2g NA __ OY? antics Me tl a mo 
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perceire a spark on e either of them 


un his knuckle. ö 
2. But, if the insulated persons touch one ano- 
| ther during the excitation of the tube, neither of 
a will appear to be electrified. ! 
3. If they touch one another aſter exciting the 


tube, and draw the fire as aforesaid, there will be 
= stronger spark between them than was between 


either of them and the person on the floor. 
4. After such a strong spark neither of them 
 Uixcovers any electricity. 9 


These appearances may be thus accom for: _ 


the electric fire is a common element, of which 
each of the three persons has his equal share before 


any operation is begun with the tube. 
A, who stands upon the tool and rubs the tube, 


cbllecte the electrical fire from himself. into the 
glass, and his communication with the common 
stock being cut off by the glass of the stool, his 


body i is not again immediately supplied. 


B, who is also insulated, passing his knuckle | 
along the tube, receives the fire which was col- 
| lected from A, and being insulated, he retains 


this additional quantity. | : 
'To © both appear electtified; 1 bor bes ati 
only the middle quantity of electrica 


tity. 
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cal fire, receives 
a spark on approaching B, who has an over quan- | 
tity > but gives one to A, who. has's an under ER "Sh 
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If A and B wah to touch each other, the 

spark is stronger, because the difference between 

. \ them is greater, After this touch, there is no 

= spark between either of them and C, because the 
: * electrical fluid in all is reduced to the original 

Be. equality... If they touch while electrifying, the 

_ equality is never e the fire is only eireu· 

lating. „ 

On the ter c pies, are Handed the 
present theories of electricity, only two of which 

will be noticed in this work, that of Dr. Franklin, . 
Þ and that of Mr. is a8 modified * Mr. =” | 


wood. 
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=. 1 | This e „ on, end may | be 8 
N duced to the following principles. e 8 
© 1. That the atmosphere and all, terrestrial bub | 
1 : stances are full of the electric fluid. 

2. That the operations of 1 G en | 
the uncompounded action of. a, simple fluid of a 
- peculiar nature, extremely subtile a and elastio. 
3. Glass and other electric Substances, though 
they contain a great deal of electric . 


N | . eee impermeable to this fluid. 1 
4. That the electric matter 9 05 ras it⸗ 
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5. By the excitation of an electric the equili- 
brium of the contained fluid is broken; and one 
part becomes overloaded Wüns deen. while 
the other contains too little. | 
6. Conducting substances are waa to ps 
electric matter through their whole substance. | 

7. Positive electricity is when a body has more 
than its natural state of the electric fluid; and ne- 
gative electricity, when it has less than its ate 


share, as has been before observed. 


The first position, at all terrestrial 5 
as well. as tie atmosphere, are full of the electric 
Nuid, is easily proved. For there is no place of 
the earth or sea where the electric fluid may not 
be collected, by making a connexion between the 
place and the rubber of an electric machine. The 
most conclusive proofs of this position are obtained 
by the use of Bennet's eleetrometer and doubler, 
plate l, fig. 10. The case is equally clear with 


respeot to the atmosphere from which: the nds iy 


i 


_ may at any time be collectec. 

The second position does not seem to by welt | 
be e there are many reasons for supposing 
the electric matter to be a compound substance 
capable of being separated: at any tate, the Posi- | 
tion is without proof; for we have no experiments 


from which it can be fairly doduced, W gs | 


* electric matter is a a single flu oP 1 if 
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| The third position for establishing the Frank- 
lien theory is, that glass and other electric aub- 
| Skances, though they contain a great deal of the 
electric matter, are impermeable it. This asser- 
tion has evidently a very contradictory appearance. 
It is very difficult, if not impossible, to conceive 
that any substance can be very full of a fluid, 
and yet impermeable by that fluid; especially 
when we talk of throwing i in an additional quan- 
tity on one side, and abeng out as much n 
the opposite side. Ld bat 8 

The only e for 1 8 of | 
ow by the. electric fluid are drawn. from the 
phenomena of the Leyden phial. It appears in- 5 
deed, in this cage, that there is an expulsion of 
ſire from the outside, at the same time that it is 
thrown upon the inside. In this experiment, an 
unphilosopbical observer, concluding from ap- : 
pearances, would judge that the fluid passed 
through the glass. Dr. Franklin: concludes that 


it does not pass through, because there is ſound a 
very great accumulation of. alectrir matter on ä 


inside of the glass, Are 

violent flash and exf Pp betwe 

ande coatings... INS i 
But this is mere 8 thing ging ion, 

is no reason to conclude the glass impermeable, Y 

unless Ton: allow the. accumulation | on one wide, : 
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and the deficiency on the other. If this suppo-. 


sition cannot be proved, the evidence of sense in 
favour of the permeability must preponderate. 

It is said, indeed, that if the glass was permea- 
dle by the electric fluid, a phial would not retain 


any charge; because the fluid would no sooner be 
thrown on one side, than it would fly off from 
the other. This conclusion depends entirely on 
the foregoing supposition, a supposition which is 


incapable of proof; namely, that there is an ac- 
cumulation on e i he ROO 0 a de- 
ee on the other. 15 
Proofs of the belebt of gla w will be found 
in various parts of this work 
The next position to be 3 is . ths 


the. elbbtris matter violently repels itself, and attracts 
all other matter. The prooſs of this position, like 
the foregoing, are built on a supposition, which 

it denied, the proofs full to the ground. Let a 


smooth piece of metal be insulated, and bring an 
ited glass tube near one end of it, a spark of 
positive electricity will be obtained from the other 


end; after which, if the Nee be suddenly re- 


moved, it becomes 


then, it is said, is a hank repulsion of one part 8 
the electric fluid by another. That contained in 
the tube repels the fluid in the nearest end of the 
metal; of consequence, it is accumulated in the 
other end: and Wn the tube is removed, the. 
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metal is found to be deprived of a part of its na» 


tural tate of „ or is ns N 
tively. F . 


It is obvious to ede e eee 
can be drawn from this and similar experiments, 
that it is necessary to prove that positive electricity 


consists in an accumulation, and e electri- 
__ in a deficiency of electric gui!!! 
Another argument is, however, nn from the 


| amis of the electric fluid issuing from a 


=Y 


the open air this diverges excessively, and the 


particles seem to be violently;-repulswe. of each 


other; that they are not so, is plain from the 
appearance they assume in vacuo, When, the re- 
eing taken off, the 

electric 5 ue be more a7 ajing Na 


sistance of the atmosphere ö 


exereise itself. 1 
Ie the a 3 was re 
[domed with a power repulsi te of Half; it is impos- 


sible it should pass i in an uninterrupted column i 


through an en hausted 


W and e eee ae e tendency. ? 4898 f 


The fifth position depends on the nature of ex- 
eitation, a unsoet which is yet very imperfectly 
unde toad; ü 80 to deduce conclusions. 


The sixth position seems proved by a variety of 
pense the eleetric fluid indeed often passes 
e rather than Might: the. gon 22 Rei, 5 
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ther can it be 8 that it often enters ; the 
substance, as in the melting of wires. 
The last position on which Dr. Franklin's thong 
depends, and which may be called the foundation 
of the whole, is, hat positive eleciriciꝶy i is an accu- 
mulation, or too great à quantity of electric matter 
contained in a body; and negative electricity is when 
there is too little. Of this, however, there is not 
one solid proof; and all attempts that have been 
hitherto made to prove it, are only arguments in 
a circle, or proving the thing by itself, and there- 
fore no conclusion can be made from them. Thus, 
bor instance, a body electrified positively attracts 
one that is electrified negatively ; because the 
flirst has too much, and the other too little electri- 
city. But how do we know that the one has too 
much, and the other too little electrieity? Be- 
cause they attract each other!!! Again, when a 
| phial is electrified positively, there. i is a constant 
stream of fire from the outside coating, as there 
is from the conductor to the inside coating; there- 
fare it is said the outside has too little, and the 


c 1 inside too much electricity. But how is this 


known to be the case? Because glass is imper- 
meahle to electricity! And how is glass known 


1 to, be thus impermeable? Because one side has | 


too much, the other too little electricity! 


_ We have before observed, that the impermea- . 5 


5 bility of glass tc to the electric Power is a supposi- 


ring the time. of charg 
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8 tion merely hypothetical: there is not a single 


gather from it that the best vitriſied and the worst 
vitriſied, ooh and warm e are Fall more or len 


i permeable. 96500 8 


Nou vil, 5 in nd ark; read see a 


proof of their ineonsisteney, in endeavouring to 


prove that charged glass has always one zurftce in 


_ positive, the other in a negative stat 
Dr. Gray asserts that Dr. Franklin's . | 
both on the charge and discharge of a jar, is erro- 


neous: ee his remarks in the chapter on the 


8 eee to be. * Sk 
Mr. Brooke has shewn, Ss Mr: Piles ned 


wing: before, contrary to the ideas of the best 
judges and friends of Huntlim s theory, that du- 
ö ing a jar, both inside and 
outzide have the same kind of electricity; and that 


the negative electricity does not take A nary _ 


2 PA the-machine is discontinued. » 


N f : . IE} LY A 5 NY: 
8 : . 5 


f 


4 . Ro „„ aft 3 85 5 3 5 ke „CF. Hf = 
_* Lyon's Remarks on the TI's Proofs of the Franklinian 


Leyden phial. If Dr. Gray had considered Mr. 
 Biles's system; it is probable that his ideas on this 
Ks Be subject would have an n ee than 8 


8 experiment to prove it; and some of 
the warmest advocates, as Dr. Priestley and Ca- 
vuallo, own that some glass may be permeable. So, 

\ contradictory. is their evidence, that you may 
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The following hypothese is /pntmeted from 
Mr. Eeles's Philosophical Essays, and the Analysis 
of a Course of Lectures _ at ns ty 
Cambridge, by Mr. Atwood. \ 


If the reader. will age compare: bis Gb 
= with the experiments that have been made on the 
electric fluid, I think he will, with me, agree 
that it is more simple than Dr. Franklin's, speaks 
more strictly the language of experiment, and is 
much less embarrassed with hypothetical suppo- 


sitions. It pointed out to the author many phe- 


nomena which have not only been considered as 


wonderful, but which have also much embarrassed 


| the partizans. of Dr. Franklin's opinion. There 
are no known! f zhen 


ena, but what are more 


5 readily accounted for o on this system, than on any 


— 8 


other at present known. That it is free from 


7 difficulty, do not assert; but I am certainly well 


founded in affirming, chat it bas strong claims to 
philosophical attention, and that nothing would 
have prevented its having long since obtained a 
fair hearing, but for that spirit ol party and bi- 


gotry which is to be ſound as much among __ - 
e as _—_— Res and ne 

e ohh 441 Sai 

\ if; ! 15 3 e 
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mths The 3 powers exist geber in all 
bodies./ i b | 


2. As they Sinti ae other hs EY 
the senses only 
oy their gepamtien. e ern ud the 
3. The two powers are . in 8 | 
tries; by the-exoitation of electrics, {api . 


hs can be rendered e e 


My of excited electrics. 


4. The two powers eannot be alognter sepa- 


IN n De, 11 2 1:98 e ert 


0 The two. eleetrieities WR each. other 
strongly through. the substances of glectrics. 51 
6. Heetric- substances 292 Oy" to the 


two electricities. N e e 16 q 
Se Either power, ben e 93 an were 
fied body, repels the A 0 80 same — and 
; attracts the contrary. n | 
I shall now give a ex 5 Mr. Ane n 

riments, and then proceed to Mr. Eelets own 


$1 RED 9 


experiments and reasonipg. It is 00 be observed, 


that Mr. Eeles is a very immethadical Writer, et 
bis matter is so good, that no electrician, e 


negleet to read his üer Arad off df 5 2 Me Fs 

EXPERIMENT XVI. Electrified bodies attract 
bodies not electrified, though a thin electric be” 
placed between Wem | 


98 11 * "164 Tay: {3 1 .* 
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ExrRRIMENT XVII. Bodies electrified with 
. contrary powers attract each other strongly, al- 
though an electric plate be wh between 
Wan | = . 

Thus flame 8 communicate 3 Web 
aubsstanges which are eee to the flame 


itself. 1 | 
\ExegrIMENT XY ELL. If one „ py: an 


electric plate be electrified with either power, the 


opposite surface is electrified with the ene 
power, if it be not insulated. 


Either power being applied to one of the sur- 


[wag attracts the contrary power through the 
substance of the electric, and repels the ry 
of the same sort with itself. 

The two powers being 1 to os 3 1 50 
surface of the plate which is impervious to them, 


remain suspended, strongly attracting each other, 


«ll the interposed plate is broken by their force, 
or a communication is formed. between the two 
Surfaces by some conducting substance. 


The union of the two electricities destroys the 
ah of each Abe and leaves the e . 


charged. 


If Sig MOPAR ofa a ha phate pn; 

| 4 cate with the earth, the power on the opposite 
| surface will expand itself into a conductor which 

is e ee it, abe che conductor * 
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ExpERIMENT XIX. Let os surface of 4 | 
charged plate be insulated; although the other | 
communicates with the earth, no ye” of 
either surface will follow. ; 

"ExyERIMENT XX. rendering the action of the 

Fwo powers visible. Let the surfaces of an elec- 

trio plate be very slightly charged and insulated, 

and let a circuit with successive interruptions be 

$ | formed; the two powers will be visible, illaminat- 
iniiüng the points of the interrupted circuit, and each 

* power will appear to extend further from the sur- 

face contiguous to it, the stronger the charge is 

communicated to the plate; but if the illumina- 


> tions on each side meet, there will immediately | 

= follow an explosion of the whole charge. 
w length of the interrupted circuit used by 

E. Pe Atwood for this experiment was twelve feet. | 
1 EXPERIMENT XXI. The direction" of the two 

BZ — __ powers visible in a vacuum, Let an exhausted 

on. receiver be made part of the electric circuit, with 

a a charge not sufficient to cause an explosion, and 

3 = the electricity will appear to proceed in opposite 

1 5 directions from the parts VL . the 5 
Y 5 vitreous and resinous surfaces. 

WM The direction of the fluid is nene ts be a | 
E {criterion which will prove or disprove the truth of . 
wee Franklinian system. In the two last experi- 
1 5 | ments of Mr. Arwvod, a double current is evi- . 

8 2 deny visible, and * contradictory to their 
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system. These experiments receive additional 


force from Dr. Gray's reasoning, who has shewn 


the impossibility and absurdity of part of the 
Franklinian conclusions; and are further con- 
firmed by the following experiment of Mr. 1 28 
mer, and a similar one by Mr. Volta. _ 

When a phial is electrified but a little, Mr. 


Symmer says, that if you touch the coating with a 


finger of one hand, and at the same time bring a 


finger of the other hand to the wire, you will re- 


ceive a pretty smart blow y n the tip of each of 
the fingers; but the sensation reaches no further. 
I the phial be letirified's a OUR higher, you 
will feel a stronger blow, reaching to the wrists, 
but no further. When, again, it is electrified in 


a still higher degree, a severe blow will be re- 


ceived, but will not reach beyond the elbows. 


Lastly, when the phial is strongly charged, the 
stroke may be perceived at the wrists and elbows; 


but the principal blow is felt at the breast, as if a 
blow from each side met there. This plain and 
simple experiment obviously suggests the exis- 
tence of two distinet powers in eontrary directions, 
and perfectly accords with those of Mr. Autvood; 


andi is in direct contradiction to that assertion of 

the Franklinians, that the same quantity of elec- 

trie matter which is thrown upon one of the sur- 
faces of glass in the operation of charging is driven 
from the other, i ae in the * the 
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same quantity returns from the one surface to the 
Mr. Volta, in the following argument and ex- 
| periment, fairly gives up the foregoing, position, 
and endeayours to accommodate his experiment 
to an hypothesis that it directly disproves. - 
The subsequent account is extracted from a 
very long paper of Mr. ae in the en . 
ws for 1779. 5 | 
Let us suppose that a, b, c, 4 40 3 2, + 4, h, L, 
m, u, o, hold hands; let a grasp the outside of oh 
charged Leyden. phial, and o touch the knob; at 
the instant o receives the fire discharged from the 
inside of the knob, à will furnish from his natural 
stock to the outside, without waiting till the fire 
arrives to him from o, by u, to n, &c. in the mean 
while the loss of à is compensated from 5; and bi 18 
furnished with fresh matter from c, and so on. „ 


SET is still true, that there is but one stream, if we 


consider only the direction of the fluid, which i is 
excited simultaneously at the two extremities, and 
moves at the same instant of time; though, to 


ES: speak more accurately, it is not one stream, but 


two united in one. If the extreme rapidity with 


8 4 which the fire passes did not prevent our perceiv- 


F ing the successive commotions received by the 
persons who form the chain, we should find they 
did not follow the order , u, in ml, but were, felt 
eme, * at the: two extremities, 0 and : 


t — 
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as then at u and b, mand c, &c. advancing to- 
wards the middle of the chain. Agreeable to this, 
if the jar is small, the longer the circuit is made, 
those who are furthest from the extremities find 

the shock weaker. | 
Jo render this account more elear, e 
the circuit; and n on a dry floor two rows, 
a Bie, diert, , Bo l, interrupted, in the middle; 
| gen grasp the ; jar by the outside, and 4 Excite the | 
discharge by touching the knob of the, jar; now, 
if the electric fire was obliged to take the shortest 
course to come to the exterior and negative sur- 
face, it ought to descend to the feet of e, pass 
5 over the boards to the feet of d, and then en | 

him to the outside, without acting on , g, l 

which would be out of its circuit. But, contrary 
to this, the fluid goes out of the direct course to 
follow that of the conducting persons, which af- 
ford it a proper receptacle, and comes to the out- 
5 side hy another source. The fire which goes 
from the inside from e to /, g, I, gives them a 
sensible sensation in their hands and: their heels, 
shewing itself by a. spark, if the hands and the 
feet are separated a little from each other, and 
| Gnighes, by dissipating itself in the gommon reser- 5 
voir. In the same manner 4, who first gave the 
fire to the outside, receives it successiyely from 
"Fills @3 who. all draw it in from the floor. The 
: Wang therefore, which proceeds from, the knob : 
| H 
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may be seen to spres 


river, at the instatit t | 
from the same source, a for” its owir defi- 


72 FR n 
: ciency. | OE ds 


of the jar, piling through the conducting thats 
$tance, loses itself in the general source; ; while, 


from the same source a sufficient quantity is 


taken to a the nan; of Wels exterior wur 
5 face. 1 ; OY. 


A h, 0 not form a en but Hr 


| fly placed round e, the positive part of the fluid 
ck itself on different sides, | 


and divide itself in different branches to reach tbe 


floor. The fluid will, in the same manner, rise 


from the floor t to reach 4, if a, b, and e, are are itre- | 


gularly placed round him; so that each surfac 


- excites its o-wn stream; one that enters the jar, 
Bo - other proceeding from it. Thus also, in the 
experiments of Dr. Mutsun, where it has been 
supposed that the electric fluid bas made such 
amazing circuits through rivers, over fields, &c. 
the fluid from the inside was dispersed in the 


at the outside collected, 


; % 3 
1 * . ltr 


— 


It Cale EY fr her pit that one 


Side of a charged electric may contain more of one 
power than is sufficient to balance the contrary | 
power on the eth 
insulated, and the discharge is made by a dis- 


er side. For, if a charged jar is 


Charger with a glass handle, after the explosioh, 


the discharger, and both sides of the jar, will pos- 


"es A Fe" an, to that MAES on ny _ 


e * 
oe - 


4 


* D LS 
4 1 


of the jar which was touched the last beſore t the 
discharge. 5 55 


i 


Let us nqw for a few moments turn ourselves 


a to Mr. Eeles, and hear him speak for himself.“ 
The electtie matter consists of two distinet elastic 
mediums, or powers, which equally and strongly 
attract and eondense each other, and are WF yn 


attracted by all matter. 


Hence, when any body is 1 8 into 0 
electric: atmosphere, this atmosphere not only re- 


pels that power of electricity in the body which is 


of the same kind with itself, but equally attracts 
the power of a different kind which is in the 
7 body; and the two powers are separated in the 
body, as long as it remains bu e in FARE elec- 
trio attncophiorsy „„ . 


It is absurd to suppose, that bodies e 
electrified are deprived of their natural share of 


; electricity * for they. are no more. deprived of it; 
than when' they are positively electrified; and it is 


a manifest- contradiction, to suppose that bodies 


will repel each other further, the more they are 
divested of the power of repulsion. Besides, when 


a body is electrified negatively, it is impossible 


for any one, by any effects of that body on another 
ups which is not 'oldctrifies,; to ee it is thus 5 
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: e unless In TIES a light substance BY. 
electrified with a known Sa to try whether i it 
; will be attracted or repelled. . . ö 


With respect to the . ay ho tha | 
] Jar is charg ved, it is equally. electrified : on both 
= deicdes, but with the. different powers of electricity; 
and wben a communication is made by a condue- 
tor, the increased power without flies in, and the 
increased power within flies out; for these powers 
Strongly attract and condense each other when in 
. equilibrium, or in their natural state, and there- 
fore do not in ien state exhib _ __ ac- 55 . 
JJ ĩ „ 
3 Glass 3 1 . ben e on a Gila; 1 
. 1 . yells either the resinous or vitreous power: tjge - 


5 Leyden phial insulated may be charged wit Fa 
2 either of the powers on the inside, and the other 19 
$ 5 power on the outside, by only immerging it in 1 
1 - tte atmosphere of a body electrified: with either 
1 of those powers; and may be discharged and re- Eh 


ch arged.1 in different order, without contact or com- 
ö 2  ayniegtion with any thing but that atmosphere. | 
1 3 Glass is not impervious to the electric powers, 
1 hos with excited glass, or wax, you may e | 
. in through glass with either power... 

- EXPERIMENT XXII. Take a piece of bog- Lo 
donne suspend it by Silk; * take a Hane Eb 
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clean sash glass and warm, it, and let the down 
hang to the side of it; then bring an excited elec- 
' tric to the other side of the glass, and the down 
will fly off perfectly electrified, in the same man- 
ner as if the glass had not intervened. | 

If the excited electric be glass, the down will 
be electrified with the vitreous power; and if 
wax, with the resinous power. Dr. Franklin says, 
they are different powers thrown from the opposite 
side of the glass: to do this, he must allow two 
different distinct powers to exist in all e which ; 
_ oversets his whole doctrine. 
Dr. Franklin also asserts, that glass cannot re- 
ceive electricity on one side, without parting with 

an equal portion of its natural share on the other 

side. But in this he is entirely mistaken, for you 
cannot electrify a pane of glass on one side, but 
the other side will be equally electrified with the 


same power; except you form a communication 


from one side of the glass with the non- eleetrics, 
vhile you electrify the other side; and then, be 
your excited electric either resinous or vitreous, 
it will repel the power of the same kind from the 
Klass, and attract the e, oO gr the 
5 non deri Se rorbgirr Sn 
\ ExPERIMENT XXIII. set a e W on 
a clear dry electric stand, so that a different power 
from that you attempt to charge it with cannot be 
drawn, up. to * outside, and 85885 sides will be 


— 
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* 


| electrified with the same e power, whether vitreous : 


3 


or resinous. : 
1 ExTEIIExT XXIV. To deateify a e pane 8 
» glass equally on both sides, either with the resinous 
or vit. cou powers, and that by the atmosphere of a 
. conductor electrified, by either of the powers. Pass . | 
1 ten strong knitting needles through a stick, 80 We 
that they may lie parallel to, and within half an E 0 
iniinch of each other; if they are pointed, the pu- 
pose will be better er ome oy.” "© i” "0p . 
glass handle to your stick. KS. 2 
„ When the conductor is Metric; ring 8 
pane of glass near it, and draw the points of tbe 
> wires which are nearest the conductor a few times . 
Slowly over the glass, beginning at the side of the 
glass next the conductor, and drawing them fem 
the conductor; and you will find this pane of „„ 5 
1 glass electrified equally on both sides, i 078 | 
power contrary to that of the conductor. | 
; * _ ExPBERIMENT XXV. Tv-electrify the is with 
SS : ue same power. as: the conductor. Place one end „ 
9 che wires near the canductor, and draw your 8 
glass under or over the other points that are from 
he conductor; and the glass will be electrified 
cequally on 8 ale with the W e the 
; conductor. „ „ * 5 FEES 8 
| ovine wee XXVI. 2 lat a” pane of | 
lass egually on both gides, "with the vitreous power, 
LA by. en, war; and _ the: revinous, * excited 


. 
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last. Take a clean, dry, warm pane of glass; 


place a small bundle of linen rags, suspended by 
silk, or a sheet or two of paper ſolded like a letter, 


or any non· electric, on the glass; bring an ex- 
cited tube under the pane, and in contact with, 
or very near it; and when it has remained coil 


or four seconds, toss off the rags or papers, and 


: instantly withdraw the tube; and you will find the 
_ pane of glass electrified. on both sides with the 


vitreous. Power, and the non-electrie which was 


| on the pane; with a contrary power. 


DQ explain these phenomena. The two contrary 


7 powers. of electricity are equally adhesive to the 
| pane of glass, as they are indeed to all matter: 
they attract and condense each other into almost 

an insensible space, and do not in that state exert 
any sensible action;“ but the atmosphere of the 
non- electric drives part of. the same power out of / 
dhe glass into the non-electric; and at the same 
time attracts the Kaen one of MATE! 
into the glass. EE RTE. 4 


Now, the vas electric ho hen pag the 


- differen en, in the Wang a are rendered. wu 


* 81 4 + te 2 1155 


mn x 3 5 7s een by a e e eee 
there is any golution of continuity, as in. ting 2 stick of: 


sealing war, as in the electrophorus, condenser, donbler, Ke. 1 


which on the other hypothesis are very obscurely explained, if 


explained at all. Mr. ee experiments with the tubes and | 
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to each other; a the noted? power, by its 


elastic force, the attraction of the other power 
being lessened, expands itself into an extensive 
atmosphere; which atmosphere acts in all respects 


like the atmosphere of oY electric Eee by the 


same power. 


TS | 


For, all electrics are teien 1 in 0 same man- 


ner, by the separation of the contrary powers, 
which are equally inherent in them and all other 

i bodies, till separated by friction, &c. And the 

reason why non-electrics' cannot be electrified, 
unless they are insulated, is, because the different 
powers change place 80 quickly; ; for, the atmos- 
| phere of an excited non-electric always attracts 


one power in the non: electric, and repels the 


contrary; * yet, as soon as it is removed, the 


5 e e unite thi their 3 attraction. g | 


N 


7 cusþended by alk, to 19 55 e and aeg ; 


it with the powers 1 in the contrary order, "only by the 


: atmosp hare” of an electrified conductor. Fix some 
sharp pointed wires to the coating of a Jar, so that 
they may project an inch below the « coating. Fix 


. 1 
929 . 5 
% 


some sharp pointed needles, prqjecting upwards, 
to the rod in the inside of the jar, suspend the jar 
by silk, and bring it 50 that the rod from the ; 
inside. may 


* EE * K > hou] hae? 15 * 


the conductor. While the 
q . rs oa Vikon's Experin 
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wheel is turning, let it remain there for some 


time, and you will find the inside RY with 
the same power as the conductor. 

No suspend the jar over the conductor for the 
L same time, with the wires from the bottom point- 
ing to the conductor, and you will find the jar to 
be discharged. But, let it remain as long again, 
and the jar will be recharged, but in a e 
order to what 1 it was at first. 75 

The conductor being electrified wich ihe vitre-' 
ous power, attracts the resinous power from the 
inside of the jar, and the non-electric contained 
| therein, and enters itself in the room thereof, till 
the inside is eloctrified like _ ee with 
the vitreous power. g 
The vitreous power on the condo: ORs, the 

vitreous power on the outside through the points 
of the wires, and attracts the resinous from the 


air, till through the points it arrives at the outside 
of the jar, where it meets a resistance from the 


glass, and is there held in firm contact by the at- 


traction of the contrary powers on the inside of 


the jar, and thus the jar remains charged when 
taken from the atmosphere of the conductor. 
When the experiment i is reversed, by bringing 


0 the wires at the bottom of the j jar pointed to- 
wards the conductor, the vitreous atmosphere * | 


the conductor attracts the resinous power from 
the- nn adds to the vitreous power * 


* 


* 
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RX ready oy: this power repels the vitreous power 

F« from the inside, and attfacts the resinous power 
1 through the needle, till the ME? 20IMes Names 

= ame order.. | 
The whole of electricity and; excitation ids 

2 on the separating the vitreous and resinous po- 

B ee.rs by lessening the one and i increasing the other. 

In excited electrics, these: powers are never en- 

Lent separate, but the lessened power. acts inward 

to the electric, and the inoreasing power aets 


outward Tons Mea with: en extensive at | 


Mr. Frantlin n asserts, has: 8 cannot receive 

electricity on one side, without parting with $0 
much of its natural share on the other side: but 
nk is demonstrably false; ſor, a pane of glass 
| may be- electrified equally on both sides with 


= ciber power; or the Leyden phial, when insu- 
died, oy be vn” et boch aun with eicher 
NM. Nelke, whos Ke; wiked of ain, PAP 

| effluences, was in a great degree right; but be. 
new not that it was an affluence of one power 


Hand an effluence of another. All his experimenis 

W which prove a double current, make directly 

AIs eiae the cre nn, n and in eee 

15 the two powers. CCT 

Ee That thero: is an dence) and "ona ©, roy 
| ved ay ny apron; of hien one 


2 


* 
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only will be mentioned here, namely, the com 
mon one with the dancing images. ; 
EXPERIMENT XXVII. When you dry the 


head of one of those images, the power thrown - 
out from the conductor cannot enter the image 


with the same facility with which the contrary 
power from the table enters at the feet, which are 


not so dry; this will therefore ascend to the upper 
plate, and remain there. Reverse the experiment: 
dry the feet and wet the head, and the image will 


fix itself to the lower plate. If the image retains 
so much more of the attracted power as will ba- 
lance against its weight, thari there is of the 


contrary power which proceeds from the condue- 


tor, the i image will by . 3 4 two 
FP s L 
This may be effected Wp be nad of i i. 


te image broad and round, which does not admit 


the power coming out so readily, as the feet, being 


sharp, admit the power going in. A minute alte 


ration will make the ee ah N or remain 
"In to one of the plates. 

It is not bare matter that is Altea, in un 
experiments, but the electric e widens is inhe- 
1 or adhesive to that matter. 5 bet; 


i Ripniinunt xxIx. To, heck that 8 Hub p14 


| powers: condense (each other. '* Take two panes! of 
clean sash glass that will lie evenly on each other; 
Fee a * of owe” folded like a letter on your 


* 


* 


"I 
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adds place the t two panes on ber paper, and a 


like paper on the upper pane; then take a large 
excited. glass tube, and roll your tube over the' 
upper paper; repeat the exciting and rolling five 


or six times; at the last rolling, take up your 
panes, upper paper, and tube together, and then 


immediately take off the tube and upper paper; 


then bring the two panes joined together to a piece 
of bog-down suspended by silk, and you will find 
the ae thus Tee have: _— ne effect c on ths 
- down. „ F 

et the cine,” ing? chick pane will "A 


* 


ß eleotrified, the upper pane with the vi- 


. treous power on both sides, the under one with 
tze resinous power ori both sides; touch the down 


with either pane, and it will ve 3 Kit So 
and attracted by the other. 53 ä 


Place your panès e as at Grits ala 058 5 
you will find that the powers condense each other, 
8s as to have very little effect on the down; but, 


— 


as yon separate the panes, - pi will 1 the diffe- : 


rent powers act as before, 
e b Pt 


1 
2283 „ 2 TE 7 
: 18 N e q 


| cect My he's in contact. with each 5 
8 ther by r wan attraction, wh ceparate e with 8 © 


> Half Wee be dg on a pes Saks 
| placed on:a' glass stand, you will find the powers 


baue changed Place e the whole; | e 


ous power 4 the tube attracting part of the resiz 


nous power from the first glass, and adding part 


of its own vitreous. power to the glass; by which 
means the glass becomes eleptriſied with vitreous 
power, which repels the vitreous power of the 


paper and plate into the under glass; and thus 
the under glass is electrified with the e, 
and the plate with the vitreous power. 

A due consideration of the ee tk 


nts eee all the transactions of the elec- 
trie powers. For, in exciting, the rubber always 
draws off as much of one power as it adds of the 
other; and is, therefore, always electrified with | 
power contrary to the nen men of den ex- 


eited-electricc --/. : >: Fr f 
| When an excited 3 ee e an insu- 
lated non- electric, it draws as much of one power 


_ from it as it gives of the other, and is therefore 
as much unelectrified itself as it electrifies the 
non- electric; and thus this change goes on, till 


the powers become equal to each other, which in 


| 'non-electrics i is done almost instantaneously. 
Ex ERIX ENT Xxx. Place a charged i jar upon 
an electric. stand, and Jet a cork ball suspended by 
a silk hang against the outside of the jar; touch 
dhe top of the jar, and the ball flies off strongly _ 
_ electrified with the resinous power; and thus you | 
may go on for a great number of kimes, to alter 
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the balance withinside and withoutside the j jar, hy 


” e tõuching the top and bottom. 5 


Now, can any Franklinian suppose, that it is 
the return of their positive power to the emptied 
side of met Sea chat n 55 ee aeg. 

5 S's dais „ 
ie 46 is, PAs 30 thick 1 ww your take 
a spark of the vitreous power from tlie inside, and 
in exchange give as much of the resinous thereto, 
which lessens the attraction of the vitreous power 
on the inside; and leaves the resinous power with= 


dcoutside in greater quantity than the vitreous on 


the inside, and consequently at liberty to ex- 
_ change powers with any non- electric in contact 


nuiuith it; and thus the? ball becomes  clevtrified ws 


the resinous/powef. | 
2 ExpuRIMENT: XXXI. 7 Take e pa- | 
8 ber folded like large letters, and place them on 


TY your table, with a pane of clean dry glass on each 


paper; then take a large glass tube well excited; 


and roll it over one of the panes; then take up ä 


| the parie and tube together, and instantly with- | 
draw the tube, you will find chat pane strongly 


celectrified at both sides with the resinous power, 


e ee Ae is A 6: Ae ee 19 

eee 7: Ic GB hg, of | 

| Repeat! de de BEE wile» 39 80 pane is | 
> clecwrfcd wit the b _ dus e ma it on the 


10 THE PRANKLINIAN, + | 127 


PIs pane for four or five n take up yo 


panes together, and then separate them: you will 


find the first pane still electrified with the resi- 
nous, or minus power, and the other pane elec- 


triſied on boch sides with the; -vitregus or 15 
1 . TY: 


Now, if any ena; Says + Mr: nl can TS ly or | 
P an hypothesis, to explain by the action of 


one single power how a body divested of its natu-· 


ral share of that power, can give another body an 
additional share of that power, he will overset | 
all the rules of es with WR Jam . 5 


1 63: 7 14 : * 


quainted. 


It is kathy aaa) on 5 „ of g two- 


powers. The first pane having a greater quantity 


of the resinous power, repels the resinous power 


from the second pane to the non: electric under it, 


and attracts an equal quantity of the vitreous 
. power from the non-electric into the pane; bỹß 
which means that pane has an increased share of 
the vitreous power; which increased power will, 


by its own elastic force, expand into an atm 
phere, and ee the W with de een 


* that power.. 1 
EXPERIMENT XXXII. . th wither | chk 


tion of the reciprocal exchange of the Wen Porers. 


Fix a wie to the under part of a coated jar, 80 


that the point may stand upright, and on that 3 


we, place the , with the revemed 8 
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Place this jar on an erde stand, with s a commu⸗ 


e fication: from the conductor. All the time the 
Jar is charging, the needle will turn; but when 
tho jar is charged; the needle stops. 
he top of the bottle with your finger, or any con 
dauctor, and the needle will turn till the jar is 
discharged. Nowz while the jar is charging, . 
you! touch the needle with a piece f bog-down 7 
5 suspended ae will find it electrified with 
te vitreous power, which flies off. in exchange for 
the resinous power drawn in from the air to the 


* | 


outside of the j jar; and, while the jar is dische 
ing, if you touch the down in the same manner 


V che necdle, you will find it electrified with the 
resinous power, which flies off ſrom the outside 


of the jar in exchange for the vitreous power 


drawn in through the points from the air; while 
ie vitreous power from the inside of the jar 
makes the same exchange for the resinous power 

ede your finger, to make these different 
powers equal to each * Sen ON: . | 


_-ontside the ja. „ 5 
EXPERIMENT: XXXIII. bY a: ee e 
Jars on an electric stand, with their coatings in 


contact; and while «you: charge ,one-. from the 
conductor. let a person on the floor touch the top 


of the other jar with his finger; vou will, find the 


55 bis] jar charged with the vitreous power inside, 
5 eee with, the resinous power men, 


Then touch . 


< 


Ae with the same rubber he could mak | 


A 4 3 "op 8 IRE 
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Now the exchange. Koen is nn for, while tbe 
resinous power, from the inside of the first jar 
changes: place with the vitreous thrown. in from 
the conductor, the vitreous. from the coating. 


changes place for so much of the resinous from 


the coating of the second jar; and the vitreous in 
that jar changes place for so much of the resinous 


. drawn in through the man on the floor. 

I could easily, says Mr. Eeles, furnish experi- 
ments sufficient to fill a great deal of paper; but 
I shall only mention one or two, which I have 
oſten made, and have shewn to many gentlemen 
versed in this science, which perhaps may puzale 
the writers on this subject: but whoever can make 
them, must and will understand my doctrine I 
electricity: and n discover, that all that has 
been said about positive and negative electricity, 
or a plus and Minen the same power, has been. 
to little purpose, and only erved: Ck Meh men in 
the dark about this science. + 

Mr. Eeles had a glass (#9103 entirely . 


throw out the resinous or vitreous power, and 
- glectrify: other matters with each power as often as - 
he; pleased: and generally he could charge these 
powers in one revolution of the globe; but i in two 
ur three-reydlutions he-nevef failed: to do it. poet”: 


S had an ther glass globe entirely Smoot h, 0 f 
K, from the equattial 


| oppor by * lass 


WEL 5 
9 8 
, . 


3 
1 . 
* — 
{ F 
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line of which alaks he could ti with: the 
reoesinous or vitreous power, as he thought proper, 
. without applying a band or any rubber to the 
globe, or any friction from the things to be elec- ; 
_ _ trified; and what is more, he could electrify two 
£ things with the different powers at the same time. 


He hopes his readers will forgive him for not 


en these experiments, till he sees who can 

make them, and explain them als doctrine of 
positive and negative en or a Ty and 
Ps 8 minus of the same power. e 


As he has seen Mr. P 1 e Gor im- £ 8 


1 ene and methodizing the theories of M. du 
Tu and Mr. Simmer; he observes, that M. du Fay 

never thought of the co existence of these diffe- 3 
rent powers in all bodies; nor even Mr. Muschen- 
8 ; bote. long after him; therefore, there was not 


any theory of M. du Fuys to be methodized. 
Flis papers will appear to have been written to the 


Ne Society, before Mr. Summer thought any _ 


ching of the matter; however, as far as he has 
gone, be was right; and he thinks that Mr. 
Prias has made too muh of a trifling objection 
to what Mr. Synuner has aid, that any man from 
his own sensations, would be convinced that the 
powers came in opposition from both sides of the 
jar, by feeling a slight shock in his wrists, a 
Stronger in his elbows, and so on; Mr. Symmer 
. ee e eee 
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through the body, but that this sensation would 
shew their different direction; and an explanation 
of these different sensations depends on a know- 
ledge of anatomy, and the action of these powers 
on the different parts, which it is possible that 
both Mr. Priestley and Mr. Symmer. may be stran- 
gers to. But this objection was only a pretext to 
mend Mr. Symmer's discoveries. Mr. Beles be- 
lieves it will plainly appear to any gentleman, who . 
does him the honour to read bis papers with atten- 1 
tion, that the only theory which Mr. \Priestley i - 
| could have meihodiged, must be what he took „ 
from his papers; if an hypothesis can be said to 5 
methodize a doctrine which was clearly proved by | 
experiments ten years before. He pertinently agks, 
y Priestley's ow” numerous experi- 
ments, or what experiments of any other man, he —_ 
has explained by his hypothesis? or how he has 55 
supported this hypothesis? or whence he took it? a 
For he has not produced a single experiment in 
aid of it, to shew the existence or manner of act- 
ing of these different powers. Or he would ask, 
whether his bypothesis has added any thing to the 
truth or explanation of what he has written? Or, on 6 
| if he had happened to have written that. hypothesis; f 
whether he should have put this matter in a erer 
light than what he has done? Or, what man 
would have depended on that bypothesis, without 
oo other proof? 8⁰ that he thinks Mr. Priestley 
e . : 
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5 on THE METHOD OP vSING THE. ELECTRICAL . 
5 APPARATUS, AND A DESCRIPTION or, THE . 4 


| . PRINCIPAL ARTICLES, THEREOF. 1 1 


* 


i Ma. "Becket has well observed, that an W cette . 
should divest himself of fear, though not of cau- . 
tion. There is no possible danger i in any electri- 4 
cal experiments, except in the charging of large 
. jars and batteries; nor need be be under any fear” © 
from these, while be is careful not to touch any 
part of the prime es or un wires eee. 
| to the insides of the jars.” MEER 215 SUBS eee 
e f is ng ae bee! 25 eee who} are. 


1 ” to destihy evideatt Abe of las: upon n their ap- . 0 

proacbing an electrical machine: some can scarcte += 

be prevailed on to receive the slightest discharge _—_ 

+ * . from the phial, or even to take a spark from: te 

2 conduetor, though they see athers perform bott * 

- , without the least -mconvenienoe.” This want / ' 
. resolution might be execusable in women and 

children, but one cannot: help: smiling at the. timi- 

ditty of a man who. can express any apprebensions., . 

at a > ORIEL. en of 5 <a worn 1s aun 5 5 
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1 3 grease the cylinder, by turging it against n greased 
n e will it is eee, obscured. Turn the 
| eee 


155 grease, as Gone it  $emj-tranoparent. Ry 


. , spreadl it well; so that it may de mifor 
apply this against the turning . the frie- 

| tion will Sea eee inerease, and eee = 
16 Bebe 8 emen enen, b 14. . . . 
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| imaginary than real, ao can celdom be of half 


a second's duration. * ; 
| Though I have already edu ths. precau- | 


tions to be used, and the directions to be followed 


in exciting. and using an electrical machine, yet 


I hope a repetition will not prove unnecessary; 


When 3 ha: is 0 1 


the more so, as it is evidently for the interest of 
the science, that every thing be made as plain and 
cs; as n ann ene as ee dt 
ners, 5 = 
5 Fi 8 Go 8 
che cleotrical machine will generally work well; 
but, when the weather is damp, it will be neces- 
_ vary to bring it into a warm -room; the cylinder, 
all che insulating pillars, and the tops of ee 1 
_ &c. should be made thoroughly dry. 5 


— 


Clean the eylinder and wipe ther 15 then. 


Put some amalgam of a piece of lea 


8 


— 


7 


1 


f charge, luminous 
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5 several jars are connected together, among 


- edit there is one that is apt to discharge itself 
sooner than the other jars, the rest of the j jars will 


be discharged with it, although by themselves 
2 may: BE a of "Ire a FILL 1 89 
To ane a jar, a e must bs 


: fornied between the outside and the inside of the 


jar by a conducting substance. Thus, if you 
place one hand in connexion with the outside 
coating of the jar, and touch the ball with the 


other, the jar will be discharged, and you will re- 


ceive the shock. To avoid the shock, three kinds 
of :discharging rods have been contrived; one of 


© theoryirnpreentoddie plate 2, fig. 1, is a semicir- 


_ eular. brass wire, furnished with two brass balls, 
one at each end of the wire. The second is simi- 
lar in sHpe, and is called the luminous discharg- 
ing rod; e brass balls are connected together 
by a piece of iron chains which passes through a, 
glass tube; the hatidh is of wood: in the dis- 
ee perceived at dich 


| juncture of the chain; chf 
duced by a brass chain. 1 


discharging rod with a glaaf handle, Ag. 21 the 


legs af this are moveable, andy may be cet to any 


/Uistance by means of the joint at C, which 
ers it exceedingly convenient in a variety of 


case, Ape extremities * the ee 


n | -» 


8 * zct will not be pro- 
third is a jointed 
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will soon appear; but, if the apparatus be kept -in 
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the points enter into the balls, a, B, which are 
screwed on the extremities, and from which' they 


may be unscrewed at pleasure; so that ef er the 
balls or the points may be used as occasion rer 
quires. These three kinds of discharging rods 
are used i in tte same manner; that is, to discharge 
a jar with them, you place one ball of the dis- 
charging rod on the external eoating of the phial, 


then bring the other to touch the knob of the . 


wire which communicates with the inside of the 
jar, when an explosion will take place and the 8 
Pbial will be discharged. It is scareely jecessary 
to say, that the jointed and eee ene 
are to be held by their respective handles, and _ | 
7 one by the semicireular part of the wire. = 
Mr. Brooke asserts, that the spontanèous 3 
chanting: of a phial is much- facilitated by its 
being made very dry and clean; inggmu@h, that a 
Jar will not take so great a charge when quite 
clean and dry, as it was" otherwise capable of 
. made to take: 50 t at, in order to give me . 
arg to a Leyden. phial, it 
seems necessary t w_ mething of a very 80 
diliness should be Ma over its surface, some- 
thing nearly of a non conducting substance; ber. 
haps a slight coating of tallow. If the electrical 
apparatus be kept in a very warm dry room, the b 
advantage of soiling the naked part of the glass 
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* 
> Bo 


— 


4 co0l room, where there is neither fire nor sun, 
| the above - mentioned method will be of little use. 

5 For the purpose of charging batteries or 1 
Jars, a large conductor is very disadvantageous; 
the battery should also be placed at such a dis- 
tance from the machinè and prime conductor, as 

to be as far as possible from their atmospheres. 


If the machine and prime conductor be very . 
large, the oe: wha: works the: machine Shag 3 


be insulated. 


Mr. Brooke 270 that a certain quaniity of « con- 
38 doecing surface disposed. i in length, and joined to 


2 prime conductor, added more to the strength 


and pungeney of a spark or stroke, than the same 
quantity disposed in thickness and «ati to the. 5 


| enen en rot 3 


It is adviseable not to 8 a a or "ea 5 
even aſter it has been discharged, as there is often 
a considerable residuum: this may be got rid of 


by. applying the digcharging rod twice or ee 
thrice to the jar, &. 


10 pid a ie careful r never to oath yu 


| top and bottom of the jar at the same time, nor 
ever to enter a cirouit formed between the wide 
a0 W Baan a Jar. wet i 2 eg as fp 
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13 


* See Brooke” s wehe penn and Remarks's on 
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A charged phial, set upon electrio a 
(insulated) may be taken bold of bon id 
A the coating or the wird 
be outside of a charged jar ah handled © 
with impunity. If the knob alone be touched, 95 
only a prickling sensation will be felt, the dis- 
5 charge will be silent and without explosion. 
I any conducting substance be near "EE ma- 
chine while working, it generally receives part of 
the electric matter, and carries it off: it is there- 
fore proper to remove every thing to a distance 
that is not immediately wanted. The flame of a 
candle near the cylinder, or any part of the con- 
Aductor, effectually takes off the ene 5 | 
* anette. 8 
When the insulating stool, base feet are of 
85 pron see plate 2, fg. B, is made use of, it is 
very advantageous to Os a beet a: Wn; oy 
paoaper under the feet. 5 
When a chain is owl ende "how! the rubber, 
4 all bodies in contact with the prime conductor 
are said to be positively electrified; but, when the 
chain is ee from! the prime conductor, all | 


bodies in contact with the rubber, or cushion 
. e with. it, are poles be e 18 
8 1 5 : 
e . f [ 4 & 
EY 
„„ 5 V 4 
> 25 17 PA. | 7 55 ; 7 9605 ; x : 


| as described by Mr. William Nicholson. 


T 19 


4 


5 4A LIST OF THE, APPARATUS. AS REPRESENTED. 
BY THE FIGURES IN n PLATES - TO THIS 
Date 17 BY THE EDITOR, + e | 


: Ac will bs Ps 1 „ ts jo 1 

beginner in the science, to make himself now ac- 
quainted with the names of the various apparatus, | 

as represented in the plates to this work, and their . 

places of application. I haye enlarged upon the 

descriptions and the number of references given 

by our late Author, and ig the en in 

an orderly rene a 


8 " PLATE 75 


Fig. 1 1, 2, 3,4 a 5; 6, ny e appearanoes, „ 


Fig. 8, a cylinder REIN waekine, with „ 
imple winch, _ 1 
Fig. g, an W Sbublte, as « dexeribed 4 

to Rev. Mr. Bennet and Mr. Nicholson.. 

6's 9, No. a a ge view 5 the; same ingtru- 
LG «Mes 10, Mr. Bonnet" 8 3 leaf dena, 
with Volias condensing plates. 

Fig. 11, M. de Sausmure's pith ball dresses 

Hg. 12, the same 'electrometer ee a diß. 
| ferent Position. „ 
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Fig. 13, Aa „ parachute occatonally appli to 
1 1 „ 8 . 
Dog. la, 165 16, 1, apr for electrical e ex- | 
| periinents on airs, by Morgan, cx. N 
| Fig. 18, Mr. Bennet's apparatus for desen | 
| atmospherical experiments. =o | $5: 
g. 19, 20, represent ppp” with Me FE 
Bene cleaner. V . 


Eig. 21, illustrative of the action hank © chargd 
jars and atmospheres by Mr. Bennet. WR. 
Ng. 22, a jar with belt, wire and bal, and cork S 
: wn called the animated quran or LY 


PLATE: II. 5 . 
„ 1 5 1, a bra 1 charging rd, for 5 . 
„ e the electrieity of a Leyden jaar. 
Ne. 2, A Ae ee Weg e two e been. | 5 
1 already d. described. i | 
Fig. 3, a very we ane a an. 1 
| 2 discharger. AB is the mahogany base, to 
v bich are comented wwe lags round pads, C, . | 
vertical motions; on the top of each joint is a 
spring tube, which hold the sliding wires 80 | 
balls, ET, F Ez so that these wires may be set at 5 
mee from each other, mates nsch into „ 


i N 


4 - — . 6 ; : ; 
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any direction; the extremities of the wires are 
pointed, and are covered vecasionally by the two 
brass balls, which are adapted to the wires by 
spring sockets. GH is a small round mahogany 


table, having an ivory slip inlaid in the middle; 


_ to this table is connected a round stem fitted into 
the wooden socket, E the table may be raised 
occasionally to various heights, and fixed at any 
one of them by the screw in the socket, KR. The 
rings shewn'at E, F, are for the convenience: voy a 
chain or wire being fastened to them. 

Ng. 4, is a small mahogany press with a round 
ee also ſitted to the socket, I, of Ne. 3. when 
the table, G H, is removed, this press is to be 


occasionally substituted. The press consisty of 


two flat pieces of mahogany, and which a are eee 
i together by two brass screws, a, 4. 
The uses of the table and press are for Keep 


ing steady all descriptions of bodies through which 


the charge of we eee e's or Fer ee is to 10 
dconveyed. — An 
at Hg. 5, is Mr. Kimerdays alas air wer 


"oF mometer, and is for shewing the degree of the 
a expansibility of the air within the tube, by diffe- : 
. 88 at charges of electricity being cotveyed through 


ab is a glass tube, on each end of which a 


[hound cap is cemented; cd, a small thermometer 
- | tabe, open at both ends, which passes through = 


1 ; 83 3 0 ; 
1, Np n 


--. 


1 


25 


N 


7 
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the upper brass cap, and nearly reaches the bol 
tom of the under cap; a box scale, divided into 


inches and tenths, is fitted to the upper part of the 


tube. g is a Wen wire and ball fixed to the bot- 5 


tom of the under cap: a similar sliding ball and 


wire, f h, Passes air tight through a collar of lea- 


thers on the upper gap, and its lower brass ball 


may be placed at different distances from the ball 


of the fixed wire, g. The plate of the upper cap 


is made to unscrew, so that red-· coloured water 


may be put in, previous to the perſormance of the 
experiment. By the rising of this water in the 
thermometer tube over the scale e the _ 


of the experiment is obgerved. - 


- 


3 1 
* 
Wi 
; #5; 2 * 
* ad 


fo 3 g ; 
, N 7 : * 2 RET 57 ; 
4 „ 
1 L's 3 : . g : <6 
* 4 N - 6 Sr ” 
I IT , 3 L 5 5 3 . Tk x 
5 ae ae e UE; I „„ E 777%» ˙ Oe 
: : þ 0 , Y 8 n . 77 3 1 : . 5 5 : 
Y 9 > dd N : 7 ; 5 ' P * 1 5 
_— , 2 « 1 5 8 d Sy 4 ' 
: % : .* . 1 ; > 
0 - * 4 
» F 
* 8 ' 


Fig. 6, is ee ee lectrome — 


5 Re 4 fitted to a prime conductor, ke, and to point 


out the relative e ak _ ee of e 


| zer dai. 4 d 


Fig. eee ee e „ 


Toe odtinle: to apply to a prime conductor, for convey. 
Ing the electric fluid to 0 Jarg, Ko. when they may 


3 gelves, to be coniguoms 4 the conductor. 
I On $tool I Si logs, 6. 


a 4 600 


HI 


- - wo ry 


WY 90 1 101 £ * 
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* 


. Ig. 10, the la feathers; they are to be 


. Cupported. from the conductor: EO placing 3 into it 
the wire BA... | 
Fig. 11, two small pith or W balls, 10 be zus 

pans like the above feathers. 71 


Fig. 12, a wire ring, to the e TOE of 


which some small pieces of thread are tied; the 
projecting piece from the ring fits into the 8tand, 
belonging to the plates and stand: 2, a wire with XZ 
a few em pieces of thread fe into 118 con- 
ductor. 


Fg. 13, e eee „ 


dancing images. F is a circular plate of brass or 
copper, to be suspended horizontally from the 
conductor by a chain or wire; G is a similar, but 
larger plate, and is to be placed parallel to the 
former, and is supported by a brass stand I, the 
upper part of which a * raised or ee at 
i eee 5 


Pens 


Hg. 14, he a auracted ul 3 pieces. s of | 
gold leaf. . 
Fig. 15, e two wires W e e to 


75 2 other, for the same purpose as 47 13; in this 


ay, however, mie ae defends the ex- 


been 


g. 16, the brass hap foe cs 1 balls. 


"0 17, a set of musical bells and clappers: na 
185 experiment illustrates better the general principles 
eee, OPT, 
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wire to which the bells are attached; *'RS, a bent 
wire; to suspend them from the conductor; the 


two outer bells are connected to the wire, V, 

by chains; but the middle bell, and small clappers 
between the bells, are suspended by silk threads, 
From the concave part of the middle bell, a brass 


| chain, X. proceeds, designed to fall upon the ta- 
. ble; a piece of silk thread should- be. tied to the 
extremity of this chain.” 

Hg. 18, represents a. more. dy WR bY 
mounting the bells. The pillar, A, is of glass; 


tte cross on the top thereof is of brass; the four 


outer bells are affixed to this by wires or chains; 


the clappers are suspended on silk threads from 


the cross; the middle bell oommunicates with the 


To use these bells, ret 


ground by the fbot. Toluse these, the knob, a, 
must be in contact with the conductor. 
> e 19, a set of eight musical bells, or thee» 


In these, the clapper is suspended from the 
a ed; the axis of the fly rests in a small hole, | 
on the top of the glass pillar ef, in which it turns 
with great freedom: In ee tones are 
Placed round the board, hi k. r 

Sas fell kai conductor 
and place the bells so that che fly may be near the 
„inder hen the electric fluid has put the fly 
into motion, it will cause it to turn round, the 


LEN -* elipper will strike each bell in rotation, and ms - 


. e e en, rat. 8 15 375 11 


SEEMS. 9 
11 
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e 20, a mall bundle of threads tied together 


at each end. N 
Hg. 21, an electrified cs POW represen t- 


ing the eds of 9 balls 8 nden and 


N e 


g. 225 20404; 25, 26, 27, small 1 of 
eee and brass tubes on insulating glass stands, 


furnished with pith balls; four tubes, two of wood | 


and- two of brass, and stands, are generally suffi- 
cient. The experiments with this little appel 
tus are ee and instruetive. ; 


— 


7 


PLATE n . 


Sp ies 3 


of ' pith balls suspended on it. 


Fig. 29, a large metallic Seer A; teh : 
this brass sliding ball C, &c. for taking the most © 


poweful sparks from the conductor. 


» Fig. 30, represents the electric spark 8555 ihe | 


conductor, as issuing in a divided state into parts. 


Fig. 31, the spiral tube, composed of two glass 8 


tubes, ane within the other, and closed with two 
| knobbed caps of brass. The innermost tube has 


"a spiral row of small pieces of tin-foil fixed upon . 


its outside surface, and laying at a small distance 


from euch other. It is to be held by one end? 
the other end is to be presented 80 as to take 3 


we from the 


p1 ime - -conductor, which v 135 be - 


Gigs hay Aa ks rod six feet long, with SIX « pai | 


1 
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seen in a abt manner at alt the interaices 
between the spots of tin-foil. rd Doe 
Small round pieces of tin-foil are sometimes 
fixed on flat pieces of glass disposed into various fi- 
gures, one side of the glass is painted with different 
transparent colours; the spark seen through eve | 
N of the colour through which it is seen. 
Ng. 32, a luminous word acting upon the same 
principles; the word is formed by small separa- 
tions made in the tin- foil; a chain is to o be sus- 
a. . pended from the hook, h; the ball, C 
= presented to che conductor, 50 as to take « marks 
5 Ez therefrom. n n | 
=» „„ Fig. 33, a ee with) ladle, 1 I; wine 
+ the mannerin which spirits of wine or ar ee 
| bie oils may be fired by the electrie spark. 
Fig. 34, the electrical flyer; it consists 95 two 
38 wires, joined at [Ne center; the 
E-” == ends of the same wires are bent contrary ways; 
3 I the center at K is a sinall concavity, that the flyer 5 
1 5 may be placed on the pointed end of the wire, L; 
tte wire, L. is to be plabed i in one of the holes on 
te top of the conductor; when electrified, tbe 
| 5 flyer will turn with ee ee AE 1g 
ol a common 5e uy f Vas 8 "Pp 
| different position, eli axis Wen at Som ns 
I the flyer, with two small pullies, one at each 
e, "| end be axis; the ne N O. Wake 555 


1 3: g 
5 "Mu 4 5 * + + 1 

? N 7 5 F 2 y . 4 * 
= N 3 * 
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he ingulated, and the inclination to the horizon 
very small. 


Fig. 36, a flyer acting as a crane to raise a 


e VV 

„ » a set of flyers. e 

Fig. 38, the glass bottle and bent A OY for 
making inflammable air. . 

Fig. 39, the electrical pistol for ring ons 
Mabie air. This pistol is to be filled with inflam- 
mable air, as described in these Essays; a cork is 
to be put in the 888 ae, to 2 the e 
ol the air. 1211 gp hal 

Fig. 40, . the: 1 0 Ns — 
" which the spark De. ae, agd fires the 
-  inflanmable air. 1 

Ng. al, a W FIR W 3 off whoa. he 
pistol i is in use; under this cap is the brass ball, n, 


. 


. 40, which is to receive the ee om: the 


— 


2 condu eto. fa 
Fig. 42, 43, 44, 48, 50, 51, 52, 54, 55, 56, * 


Present some of the various experiments Which may 


rformec by the compound apparatus, g. 
Pig. 45, pena a hot with - IN 8 
ings: the innerr 


by the silken airings, fi and the jor chi en out 
from the external coating. 57 n 2G! 

Fig. 46, represents what is lg he e 

or diamond Jars 985 outside e. coated I 


CCF X LY 


coatings are to be, ar out.” 
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little pieces s of tin-foil, which, are pled at a amel | 


| distance from each other.. 


Fig. 47, represents the double jar, one ve x 


placed on the top of the other; with eee 
: curious experiments may be performed. 


Hg. ag, the articles within the line of this fl 


gure constitute what is called the campound appa- 


ratus; it is certainly a most interesting part of the 


electrical apparatus, as well from the variety, as 


importance of the experiments performed with it. 
As it is partieularly described in the course of this. 
Essay, I'shall say but little of it here: it consists 


of two small. Leyden phials, H, I, one of them, H, 
furnished with a brass belt; an exhausted flask, E, 
which is called the Leyden vacuum; an exhausted 
- tube, C D, termed the luminous conductor; a _ 
insulating pillar, A, on a foot, B; M, a board, to 
* Wap put occasionally on the top of the pillar; K, L, 
two wires to screw to e PRs 1928 995 , 
ratus. Yo OT 5 Pg OY * 
Fig. 53, the belted jar, ; dengel ga the Fs 
g drection of the elebtrical fluid in the PEE 
8 - Big. 58, the musical bells; an interesting appa- 4 
ratus, which affords much amusement, while it 
ere One? _—_ nature of ma Shops _ 


w 
N 


55 
4 4 4 
j 
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5 . PLATE IV. 


— 


Hg. 59, 60, 61, 62, represent more various ex- 


periments which may be performed by the com- 
| bined apparatus of fg. 49, Plate ws 


Fig. 63, 64, " experiments with the Fe 


discharger. 


* luminous. YE 


g. 67, 68, 69, 7 1, 72, experiments tend- 


= Wi £ shew the influence of knobs and Joints in 


r an electrical explosion. 


Fig. 76, Mr. Nicholzon's improvement on Ben. 
nfs OT r 15 e og the. different | 


+ Ky 


1 leaf, or ene Aion at which they atrike = 


pair of uninsulated metallic bars. 
He. 73, an electrical inflachrocble-alt cannon. 
: Fig. 74, 75, an electrophorusz. 


Eg. 76, Mr. Cavall's atinoagheticat cots 


meter. e COL 


The: 77, 4 «mall paſa pipe, for wer the : 


onbMvigiods of fluids by electricity. 21 


+ 1 8 Hg. 78, 2 conduetor and” clectmmeter s. 
f nected with the cord of an electrical Kite. 5 
Fig. 79, King's electrical orrery, chewing the x 


motions of the ny cart 


ONT rg 


and moon.” Hh 6 


1 998 65, 8 a battery consiting of n nine | 
| _ Fig. 66, an a apparatus, by. . Jones, for render 


WATER) 


» 


. ” n ö = * 4 . * * * 5 =>; * 
7 a , . 2 F As, Nx vv 4” 8 l 


YT. manner of passing a shock through the arm. Nos 
Fig. 86, a Leyden Pbial, eee and lo 6 : 
trical discharging f C7 


| | Brooke's elect 8 . 
i 865 4 tobe 6 for roving 1 Aids 0 on n any part 


"© Sans. the side and the roo being 
omitted, that the inside may be more convenientiy 
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. * f 


"PLATE v 


=” g. 80, 81, eu for anger elec- 
wic, contrived by Mr. Cavallo. 5 

Fig. 82, an exhausted glass receiver on the air- 
pu plate, with the appearance of NM as 
 copyeyed by the ball and wire. 


Fig: 83, a tube, partly filled with air, 40805 
5 lber and 97 or opener 1 a Crean DP 
"De. 84, two. has tubes, 55 uw, with wi ro 15 | * = 


[vg to ets, ih . 7 
Fig. 85, a Leyden pbisl, je A a . | 


52 i trometer fixed to the top of it, and two 25 — : 
£2 one connected with the top and the other with 


the bottom of the jar; the figure repre 


3 


Is 1 * 


Fig. 87, Mr. Morg 2 


. 39, is a ee © view e . 
or next the eye be 


seen. The front is fitted up like the thunder- house, 


5 PG, e nd ate the same man- 5 


7 5 1 


\ 
* 


8 blen or contin f - 


7 5 


1 


R 
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ner; the sides of the house, the back, and fore 
| front, are joined to the bottom by hinges; the 
roof is divided into two parts, which are also fas- 
tened by hinges to the sides; the building is kept 
together by a ridge on the roof; when the roof is 


blown up, it will fall down with the sides, the 
back, and fore front. To use this model, fill the 


small tube, a, with gun- powder, and ram the wire, 

ce, a small way in the tube; then connect the hook, 

2e, with the bottom of a large jar or battery; when 
Bp the j jar is charged, form a communication from 
| the book, , to the top of the jar; the discharge 
will fire the powder, and the explosion of the 

gun powder will throw off the roof, and the sides, 
the fore and back fronts, will then all fall down. 


F. oo, represer ts a wooden pyramid, designed 


60 shew the experiments which are made with the 
1 thunder-house, and is used in the same manner. 
WMben the piece, a, is thron out by the digcharge; | 
the upper part of the pyramid falls down. 


Fig. 91, represents the imflammable air Hes. 


1 5 "Inventors by Mr. Vola. A is a glass globe to 
contain the inflammable air; B, a glass bason or re- 
dservoir to hold water; D is a stop- cock, which is 
to ſorm accasionally a communication between the 
reservoi ol water, B, and that of air, A; the water 

passes into the latter through the metal pipe, g g, 
which is fixed to the upper purt uf the reservoir, A; 
at sis a small cock, to cut off or N | 

| nication x with, . in the ball and the/3 oe 
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N is a 1 pipe to hold a ich: of wax . 
2 a brass pillar, on the top of which is a brass 
ball; à is a pillar of glass, furnished at top with a 


socket; a wire, 5, slides in this socket, a ball is 
screwed on the end of the wire. F is a cock, by 


which the ball, A, is filled with inflammable air, 
and which aſterwards serves to confine the air 
and the water chat falls un che e B, into 
the ball, 9. „ e 
To use his intron; 8 . g filled 5 
reservoir, A, with pure inflammable. air, and the 
bason with water, turn the cocks, D and s, and 
the water which falls from the bason, B, will fore 
out some of the inflammable air, and cause it to 
880 through the jet, K, into the air. If an elec- 
trie spark is made to pass from the brass ball, n, 
to | the brass ball, u; the inflammable jet, which 
passes through the pipe, K, will be fired. To 
N the hp, sbut Rue. r N 8, and 
8 the. cock; D. 3 3 een: Wh ' 
Ts fill the e with: ini” air, 
pile] is to be made in the usual manner, and 
ik the usual apparatus; having previously filled 
A with Water, place the foot, R, under water, on 
a board or 8tool in a.large wb of water, that the 
bent glass tube, through which the inf ammable 
air passes, may pass commodiously under/the foot 
of the lamp: when the air has nearly driven out 


al the-water, turn the cock. F, and the e - . 


Is. N for use. | This instrument f is convenient 


2 


* 


1 


— 1 


* 
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to bersdere a n of e air ready for 
any occasional experiment, as charging the in- 


flamable- air pistol, &c. It is also convenient to 


light a candle for economical purposes, as the 
smallest spark from an electrophorus, or a wal 
bottle, is sufficient to fire the air.“ . 

A small battery of inflammable-air DI is o- 
Per y made, that affords considerable amuse- 
ment; as either one pistol, or the whole together, 
may: be fired at the pleasure of the operator. 

Fig. 92, represents a small glass tube, stopped 
at one end with a piece of cork: & is a wire which 
passes through a piece of cork, fitted into the 
other end of the tube; the upper part of the wire 
is furnished with a brass ball: the end of the wire 
within the N bent at.right auger to the tet 
5 the wikeee 1614; 5 972 

Fig. 98, a pair of Sr 5 ans W 


Ng. ga, a glass tube and wire, for making expe- 


riments on the conducting power of water, & c. 
Fig. 95, 96, 97, Mr. Brooke's electrometers. 


Fig. 98, A set of spiral tubes, being a more 


| brilliant display than shewn by Ag. 31, plate 3. 


Hg. 99, a strip of silk, jar, rubbers, &. to pro- 
dude an Hleptric ae * friction on a ribbon | 
| | only... 2 e Fn, 


* 
1 


- 


4 See A . improvement in the construction 'ﬆ this 
| curious instrument, and a figure, in my edition of the Authors 
' Lectures on Philosophy, five vols, 8vo. 43 plates, 1799. Ehrr. 
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Fig. 100, an hollow: . director, . partly 
coated to hold a charge, and a solid one, , con- 
nected with it, by which small cke e 
some instances be conveniently given. 
Me. 101, 102, en . re e from Mr. : 
| Banners treatiss. V 
85 Ig. 103, represents a piece of twisted fine i iron 1 
wire, fixed in a glass jar containing pure oxygene 
or vital air. An electrical discharge from a jar 
| conveyed to the ball will, at its discharge within 
from the extremity of the wire to the small brass 
ball, set the wire into a most beautiful deflagration, 
making in a darkened room a very brilliant 1 
I P | nce, till the whole of the wire is fused. 
Ng. 104, 105, exhibit the method of preparing | 
2 ee frog, to shew how muscular motion may 
de produced therein, by merely touching it with 135 SIT 
2 conducting rod applied to the muscles and to 
the armour” f the FOO nn op le: C. %% 
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= ENTBRTAINING | EXPERIMENTS By THE Ar- 


'TRACTION AND REPULSION. or LIGHT BO- 


pixs, WIA SOME, REMARKS on | BLEOTRI- 


CAL ATTRACTION. 5 


> 
313 
5 
5 


Fey philosophical sciences afford so much enter- 


tainment as electricity; in it the useful and agree-' . * 


able are intimately blended; and the Petit 
while he is investigating the abstruse parts, is 


entertained by the variety and beauty of the ex- 
periments, which confirm or ee, kg co 


| thesis he wishes to establish. 1 


ExrERIMENT XXIV. Fan „ | 
the end, A, of the wire, AB, plate 2, Ng. 10, in 


the small hole which is at the end of the prime 
conductor; turn the cylinder, and-the feathers, 
which are connected with the wire by linen 
| threads, will separate from each other; the fl 
brous and downy parts will become turgid, an 
. ee in a e e in a . of” d. 


onducting. Substgns to the feathers, the 
40850 parts thereof will immediately collapse, the 
| dats of the feathers will 888 and e 


| 


£ ey a \ tals: point, 135 TOUR or any s 


7 * 
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will approach each other and cling round the 
eee . | 
The feathers 1 from each his: and 
- towards unelectrified bodies, from the effort 
made by the. electricity which is communicated to 


them to diffuse itself, 700 the reaigtance i | te : Z 


with from the air, VVVVVVWFPNN 

A mutual attraction is exerted. between a Sos 
that. is electrified, and one which is in its natural 
or unelectrified state; which last, if not large and 


en, will fly through the ait to the electrified _ 


body, where they remain till they have, by the 
communication, acquired the same state, when 


they are repelled. If a conductor which is not 


insulated be at hand, it will attract the small body ; 
thus electrified, and deprive it of its electric state; 


EO 80: chat! it will be again attracted by the electrified h 


. 


— body, and repelled as before; and will continue 
to pass and repass between the two, till the NN 8 
wie state is entirely destroyed. „ RE 

+ EXPERIMENT, XXXV. - Cort ball. da, 
Mc end C of the Wire CD, Plate 2, g. 11, 
into the hole at the end of the conductor, put the 
machine in action, and the two small balls, e, d, 
will recede from each other. Bring a conducting 


substance within the sphere of their action, and 


they will fly towards it; touch the conductor with 
a non electric, and bey will immediately come 


g * . +3 „5 Le AR ED EIS. V% a bs Le 2 B-ge 
39; , * + — 24 S 4 1 > 7 1 5 3 ihe And 3 ; 2 : 2 * * 35 * ol e $ 4. 
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The balls do not always diverge so much as 
| Highs be expected from the action of their atmos- 
pheres, because : they. are ines by ons of the 

conductor. . 
The balls or de will 3 tio. in Ls 
same manner, if ny: are annexed to re | 
Conductor. e | 
EXPERIMENT XXXVI: eee 3 8 
: sent a fine thread towards an electrified conductor;. 8 
when it is at a proper distance, it will fly towards 
and stiek to the conductor, and convey. the elec- 
trie fluid from it to the hand: remove the thread 
do a small distance from the conductor, and it will | 
„„ backwards and forwards with great velocity, 
and in a very pleasing manner: present the same 
thread towards one that hangs from the condue- 
tor, they will attract and join each other. Bring · 


a nom electric body, as a brass ball, near e = 


threads, the ball will repel that held' by the band, 
and attract that which i is affixed to the conductor: 
the upper thread renders the brass ball negative, 
and therefore goes towards it; While the under 
chread, which is also negative, is repelled. Let 
the ball be brought near to the lower part of the 
' under one, and it will be attracted by it. The 
Ps junetion of the threads arises from the effort the 1 
ce electric fluid makes to diffuse itself through tbem. 
FB DxpruiMENT XXXVII. Rodiating threads. Io 
the vige e n, N bod, 80 * Fs: * 


1 
13 
i 
433 
. 
14 
1 


4 
— 


. 


the condu 


” "4p of the as 
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are faxtened, atequal: distances from Fe es, 


six or seven pieces of thread about four inches 
long. A wire proceeds from the hoop, which fits 


into a cavity in the pillar D: ze is a brass wire, 


to one end of which are fastened several small 


pieces of thread. Fit the plain end of the wire 


into the hole at the end of the conductor; place | 
dhe hoop, bed, at right angles to the wire, be, 
and directly over the threads at the end 2; turn i 
the cylinder, and the threads tied to the hoop will 


be attracted by those which are fastened to the 


wire, z e, and will point towards each other as so : 


many radii of a circle. The electric fluid 


| from. the threads of the wire into those 1 the ; 
the e attraction : 


hoop, and thus WY ons 
ane them „ 


Place the . bod, on an 5 nd, | "8 5 
8 when it is saturated with the electtid matter, 
the threads which are tied to it will be repelled by 


those of the wire: touch the boop, and they will 


: be again attracted. If the hand is brought near 
their central direction, 


the threads, they will qui 
and move towards it. The ends of the. threac 
appear luminous in ihe dark. 5 


1,00 ExpPERIMENT XXX VII Docter images. Soe. 

55 pend the small metal plate F, plate 2, fig. 13, to 
| tor by the hook, H; place the stand, I, 5 
directly under it, and the large plate, G, on the : 
18 : the WP ee N 


— 


= op 
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| at. 50 that übe distance of the two plates 
from each other may be occasionally varied. Lay 
small paper images, or any other light substances, 


on the under plate, then put the machine in ac- 


tion, and the light bodies will be attracted and 
repelled by each plate, and move from orie 8955 
to the other with considerable velocity. 5 
The light bodies placed on the under W c 
come possessed of an electricity which is contrary 
to that of the upper plate, and are therefore at- 
tracted by it, and acquire the same electricity g 
with it; they are then repelled and part with this 
_ electricity to the stand, and are again in a proper 
_  8fate' to be attracted by the upper plate. That 
these bodies cannot be attracted by the upper 
plate, till they have acquired a power contrary to 
it, or till the equilibrium of the fluid in them is 
753 e will ve ene wanted on: 55 
17 0 l XXIX. ee het Sake Y 
1 plate and stand, hold in its stead, by one corner, 


a pane of glass, which has previously been made 


in very clean and dry; now, as gluss does not trans- 
mit the two electricities, no contrariety in the 
electric states of the conductor and the light sub- 


PB : 


_ starices//can be oecasioned, and e no at- 
traction or repulsion is observed. 


If a anger is presented to the under 5 of c the 
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: the cause of this will be seen, when the 


nature of the Leyden pbhial is explained. 


* > 


the-image broad and nl mn 10 5 


- Mr. Eeles,* speaking of this alternate ation 

- repulsion, says, they may be agreeably varied, 
© wetting first the heads of the paper images, 
and; when these art dry, wetting the feet. 
e When you. dry the head of one of toes 
images, the power thrown out from the conductor 
caimot enter the image with the same facility with | 
which the contrary power from the table enters at 
the feet, which are not so dry; this will es. 
ascend to the upper plate und remain there. Re- 
verse the experiment; dry the feet and wet the 
bead, and the images will fix themselves to the 
boper plate. If the image retains 80 much more 
of the attracted power as will alance against its 
Veigbt, than there is of. the contrary power which 
proceeds from the conductor, the imat wa Þd 


e between the two plates. 


This may be effected, by making «ho head of 


dae admit. the > powe | going i in; a 98 rag 
ir 9h bre or remain 
fixed to one aol the planet 5 Pet 36 want e 

(EXPERIMENT XE. Mot: a square piece of 
leaf brass or silver on the Wader e Wa . 
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"al 1 "to. the upper one, at . Gow or six 
inches from it; turn the machine, and the leaf 


| will then rise up into a vertical situation, and 


remain between the two plates, without touching - 
er of them. Present a metal point towards 
dbe leaf, and it will immediately fall down. 

ExrERINENT xLI. Moving leaf. . 
ball at K, Hg. 14, at the end of the e 
and when the leaf of brass is suspended between 
the plate and ball, move the plate round the ball, 


and the leaf will also move round, without touch- 8 5 


ing either ball or plate. | 

A glass cylinder is occasionally ment 8 
ü two metal plates, F, G, fg. 13, to prevent 
\ bran, and, 0 or ee jet e 5 5 e 
of . 8 

e Pa AIR Place two wires an 
"ae; and parallel to each other, suspend one 
from the conductor, let the other communicate 
with the table? a light fi image placed between these 
will) when the conductor is electriſied, appear like | 
* of electrical rope- dancer. See fig. 16. 

+ EXPERIMENT. XL III. Electric fahl. Got a 
piece of leaf brass, with. an obtuse angle at one 
end and. a, very acute one at the other; $6 

end towards an electrified. conductor, 


; ” and, . the leaf brass is within its Rn 
let it gos it will then fix itself to the ondueter 
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—tinual erg motion, vill . eben to! e ani- 
The AE experiment 1 requires 8 8 
 thnition to make it succeed; as a small difference 


in the apparatus, or in the force of the machine, 


 &o. will make it fail: when it answers, it gene- 5 
les rs 2 5 and e excites eee - - 


| nally affords least 5 
in the spectators. 8 35 


 ExpERIMENT | XIIV. Pix PTE ring, NOE. 8 
, 16, to the end of the conductor; place the. z 
plate G, Fg. 13, on its stant, I, under it, and at 8 
a little distance from it, put Aa very light hollow = 88 
. ball upon the plate, but within the ring: 7 5 


turn the cylinder, and tte little ball will deseribe 
an orbit about the ring, and turn at the same time 
about its own axis. The poles of its rotation are 
. at right angles to the plane of i its orbit · 

- EXPERIMENT |XLV.” Electrical bells. Pig. 17, 
its a small set of bells, the two exterior 


ones are· connected to the wire, VY, by a brass 


in the middle bell ad e e are sus- 
© prndecion Silk. 22 Ht En 

Hang the bells on . by the Wok 
RS, let the chain from the middle bell touch the 
table, turn the eylinder, and the clappers will fly 
continually from your to bell, . 1 8 as rr e 


8 


hain, which connects 0 tw exte- 


nor bells 0 the e en, the ele, 


*; F. ; f 3 8 * * 


N . 5 3 1 f . 


by * £/ 
2,» 8. 
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Sd 60 them, ; which attracts the gain; ; these, 


when they have receired the electric fluid, are 
. by the exterior bell, and attracted by the 


middle one, on which they deposit their electri- 


city: they are then again attracted and repelled 
by the outer bells. Hold up by a silk thread the 
_ chain, X, which proceeds from the middle bell, 


and 'the ringing will cease, because it cannot : 
. convey the electric fluid conmnnicated. by the 5 


clappers to the ground. 
Fig. Is represents a more a 1875 of 


mounting the bells. When this is used, the 

| knob, a, should communicate with the conductor. 
Fig. 19 represents another kind. In this, the 

\ dlapper-i is suspended from the fly, bed; the axis 

_ of the fly rests in a small hole on the top of the 


glass pillar, 2 the upper part of the axis moves 


| freely in, and is supported by, a hole in the brass 
piece g. Bells of the gamut tones are placed round 
the board, hi K. Remove the prime conductor; WE 
and place this apparatus in its stead near the cy. 
Under: when this is in action, it will caused the fly 
to turn round, the clapper will strike each hell in 
rotation, and thus 3 en and harmo- a 


nious sound. $ 7 


Mime; FD: 4 Tale ten or 1 : 5 
ad, each about ten inches long, tie 
them together at the top and the gottom,”'s as 1 


N 


. 29, FO end them from ks 8 ductor; 
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7 the 8 when Gas; endeavour ; 5 recede 
rom each other, and the knot at the bottom riding 
_ upwards as the repulsion of the thread i een ? 
2 will form them into a spheroidal figure 


Ex TEN xLVII. Flying feather. "Bring: a 


| down) feather, or lock. of cotton, near the end of 
| an excited tuby, or the knob of a charged Leyden 
Pjhial: the feather will at first fly towards the tube, 

but when it is saturated with the electric matter, Fo 
ts will recede from it, and may be driyen about 
the room by the excited tube, till it touches some 
= non-conductor, to which it can impatt its electri- 

city. The same side of che feather is always 
5 turned towards the tube; because the electricity 
acquired by the feather is forced, by the action of 
the tube, to that side N ig, hen from i it, 
which is therefore repelled. _ „35 Ee 


It is easy to perceive, Me: this and the: a” 


; going experiments, that it 1 18 not the n mere matter 
8 which is attracted, but that the different pheno- _ 
| 5 mena are occasioned by the state of the electric 


- fluid, in those sube uy 
tlie machine 


£ : which are e by 


BY & ie: 2 18 e 


8 eee XI VIII. e W | "Pat. a 
pointed brass wire into one of the holes which are at 
the end of the conductor, bold a glass tumbler over 

| the point, then electriſy the conductor, and turn 
the tumblengound, that the whole i interior surface 
15 may . 8 * 1 n yer Ry e * 
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1 Do small pith of elder, or cork balls on the table, and 
JF | . - cover them with this glass tumbler; the balls will 


| „ immediately begin to leap up and down as if they 
were animated, and will continue to move for a 


* x v 


— 
| This experiment may be agrecably varied with 
; two tumblers. Electrify the inside of one posi- 
; 5 r of the other negatively; put the balls in 
one tumbler, and then bring the mouths of both 

1 5 in contact, the balls will pass from one to the 
other, till the contrariety between them is de 
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1 CHAP. vn. e 

= | THE PROPERTIES. or BLECTRIC ATTRACTION. 
5 85 AND REPULSION, ILLUSTRATED. BY Ex RRI- 
MENTS ON LIGHT Bopiks. N „ 


* 


- 


1 Nas ATURAL 1 philosophers 1 were chilly in FE if to 
= _ consider the nature of electricity from iis strong 
Attractive and repulsive powers. The phenom na 
=; exhibited by those mysterious properties are 1 
various and 80 pleasing, that they were led, as by . 
3 et, to pursue the subject; and have 
been richly rewarded by the e „ which | 
e both interesting and important. 3 e 
1 The powers of genius have been wt in „ 
3 ee ardour to investigate the causes of i (| __ 
--  those properties; but they are still inyo . 
= ne obscurity, and we are still totally ignorant . 
1 25 ol that mechattism by. which light bodies, when . 
* 8 electrified, approach to or recede from each other. | - 5 
„ enter into a discuse ion 'of the difficulties, * „ 
. which parplex y übles, en lead r me too far : 8 


N X ws; 
. 14 1 4 2 i 
Ti : *- 


RE, as. Ponrroit concevoir qu'un corps __ ou Fy net Zo f 5 . 2 
sans aucun intermede? Deux particules de matiere sont a cet 5 
milles lieures, ou a cent milliemes parties d'un ligne de distance 5 
. "IU <7 | Tun de Tautre, sans aucune communication materielle entrelles, | Ss 5 
= 8 15 et a Toccasion de Tu une autre 80 mouvroit!1” De e „„ 
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__ the design of this: Eexay; I shall, therefore, 


| Proceed to state those general properties or modes 


of action, which are observed in electric attraction 


and repulsion, and then describe the experiments 
from which those properties have ore deduced, 2 


* which 9 8 are ilustrated. 


13 
ſt * 


| GENERAL PROPBRTIES. OP ELECTRICAL Ar- 
| _ TRACTION. AND REPULSION. +. | 


1 The ae ia ph; in \ action, donates 


or or places light bodies i in such manner, as will best 
e its transmission through them, with the 
greatest ee and this in proportion to the 
gravity of the body, lite, ace power, and 5 


the state of the air. 


2, Bodies chat are eee Hoaitively opal ng 


each ng 08 


each other. 


. 4. Bodies e by contrary ai attract 


each other strongly. 5 


5. Bodies that are electrified. attract + those ab ; | 


nc es which are not electrified. 


- tricity, act upon other bodies in their nei ighbour- 


"vg, eee in FRM: an and 8 hog 5 5 


| (Has are. electrified negatrely 820 5 


. Those substances that are . W ET 
| i influence of electrified bodies, become pos- 

sessed of 2. contrary electricity; or, electrified | 
7 substances, without parting with their own elec- 9 85 


5 


5 168 1 rRorERTIESG er mLBCTAIO 


# : "x r 3 1 


contrary ts their ounz or bodies which are. im 
merged in an electric atmosphere, always bec * 
possessed of an electricity contrary to that as the 7h 
body in whose atmosphere they are immerget. 
The experiments described in this 9 are 
1 easily performed, and certain in their re- 
sults; and, though they may at first sight appear 
to be trifling, yet, on an attentiye examination, 
they will be found of considerable importance, as 
ay afford a clue. to investigate and explain a Va- . 
riety of electric phenomena, and exhibit, -in' a 
strong point of view, some of the 5 8 effects 
of negative and positive electrici ty. A 


These experiments may all be ns nt a wank; To 85 5 


and portable apparatus; consisting generally of 
two small brass tubes or cylinders, as A and B, 


plate 1, Ag. 22; each of these is supported on a 0 | : 


glass pilar G, which screws into a wooden foot H; A 
a pair of small Pith balls suspended on linen 
threads, as I, K, fit upon each tube by means of a 
small brass ass ring; these tubes, with a piece If ll.” 
ing- wax or a glass ube, are sufficient to illustrate 


| the greater part of the experiments in this wipe, , 1 — 
as well as some > of the ee e Wm. e 


1 


| dlectrioſty. 4d | . 
The ppemtds 41 be e more ; complete; 8 


When it e of four e tubes 7558 1 = Dy ; 


stands. . bs ls 
Mr. Wilton, in a N tract on this er 5 bo 
edel, 4 A \ Short View of- e . with” 
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ceach other: the balls are electrified positively, and 


1 9 if attracted, positiye. Fs ce 


: each other suddenly, or one with a strong elec- BE : FN 1 


ATTRACTION AND RBPULSION, _- 


- , similar apparatus explained a and illustrated all „ 

\RXPERINENTS on THE TWO ELECTRIC, © 1 a 

f ' POWERS. ASP By 85 29 ; | | 
No EY XLIx. Touch a pair of insu- 

lated pith balls with an excited glass tube, they 

will become electrified, and will separate from 


are therefore attracted by excited 1 and re- * 1 
1 by excited glas. . 
As those light kin, ien posscss al 115 

same electric power, repel each other; we can 1 
© eaxily discover whether they are electrified posi- 
Om negatively, by presenting an excited stic gk 
of 'sealing-wax or glass to them. If they are a. 
tracted by the glass, they are negatively, if repelled | DO. 


by it, they are positively electrified: on the con- 


trary, if repelled by the excited wax, pn are ne- 5 5 = 


In ascertaining the nature of the clinic powe 0 5 5 ä 
'we must avoid bringing the bodies to be tried near „ 
1 

| 


tricity near another which is weakly so; as it maß 
render the experiment Na by i Pu 1 [ "0 JG 
9 5 repelling the light body. J x nl I 

* a dee ber, 5 3 e 8 „ 4 
| Jong and at least one inch i in diameter, is an useful article for „ 
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—q Merker . Hold a an angus has "=" 
cover one of the brass tubes, but at some distance 
from it; part of the natural quantity of electricity 
© contained in the brass tube will be drivef into tbe 

Bn balls that are annexed to it, by the excited 


* 


de the balls will diverge with positive electri- 8 
city: remove the excited glass, the balls will then 


return to their natural state, and close. 0 5 


If the excited glass continues in its place, e 
balls will continue to be repelled; ſor the exci ited 
electric will always: continue to Separate the powers 


e eee or, in other words, to force a quan- 5 | 


_ tity from the surface of the tube; and will also 
prevent its return, 50 long as it continues of he 


same force, and acts at the same distance. 


The nearer the excited W is eee — ; 


7 * 
* 


greater is the effect. ee 
The sphere of action of an 500 . 8 
1 distinguished into two parts, one termed the 


Pere of influence, in which the balls Will separate, 2 5 


. hen the electric is removed; the other. 

be Sher of communication, in which the. 

ſorce acquired by the balls remains aſter the ex- 1 

cited electric is removed. . 
ExTEHIAENxT LI. | | Electr I vith b balls = 


are suspended from the brass tube A, Fe. 27, 5 1 5 | 


then bring the end of this tube in contact with 


de end of” the tube B, 8 balls of which are un- RE 5 | 


{i 


- , 
1 . > — 


N 


n 


o ELECTRIC POWERS. © 2 


as 4 will 15 equally divided between 00 pair . 
of balls, those of the tube, B, ion 5 and N | 


of A will close a little. 
» EXPERIMENT LIT. Electrify * 1 A and 


B, fg. 27, equally and with the same power, put 


the ends of the tubes together, yah the ener 
| gence of the balls will not be altered. . 


Ex PERI ENT LIN. Electrify N tes 3 
ly, but with the different powers, one with glass, 


the other with wax; bring, the ends of the N 


in contact, and the balls will close. 885 
1 We learn from these experiments, that A 15 

sitive and negative powers counteract each other; 
Vyhence, if both are applied at the same time to 
any body, the electricity it acquires will be only 
© the difference of the two, ant. Sera parc that 1 
1 5 ol che „%% 7 tn c35 7 f „ 
© EXPERIMENT LIv. Hold an cio las ie PG: 
to one of the brass tubes, touching this tube at 


the same time with your finger, part of the natu- : 


ral quantity of the electric fluid resident in it will 


be forced by the excited glass tube into the finger; 
remove at the same instant the finger and lass 5 


and the balls will remain negatively electrified. 


ars LV. Place the brass tubes, 4 C 


jag Ng. 22, in a straight line, with their ends _ 


in contact; hold the excited glass over the tube 
A, part of the electric fluid naturally resident in 
iven into a Separate the tubes, 1 | 


7 906 will be 0 
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| aha A will be negative, and those of B will be 


in a positive state; bring chem 1 J again, 
and the balls will close. 

The tube, A, was in the foregoing . 
( dlectriied with the negative power, B, with the 


; - positive; ; but, when they were brought together, 


the equilibrium was restored: evincing, that no 
addition of electric matter was communicated to 


them, but that the natural powers of electricity 
resident in the tubes were separated by the atmos- 
phere of the excited electric, and proving the co- 
existence of the two powers in every substance. 
PFoor the electric fluid, according to Mr. Eeles, 
consists of two elastic mediums, which equally - 
and strongly attract each other, and are attracted 
by all other matter. Therefore, when any body i is 
immerged in an electric atmosphere; this atmas. 
. phere repels the power which is of the same kg 
in the body, and equally attracts that which is of 
2 different kind in the same body; and while 
these bodies remain immerged in this atmosphere, 
the powers remain separated, different atmos- 
5 pheres existing and acting at each end. But, 
|. when! the electric is removed, the two powers in- 
sStantly join, and becoming ow 9 not nent 
ny; sensible action. . 


"EXPERIMENT LVI. ee a nite ene 


rod, suspend a. pair of pith balls from each end of at 
It e one of the ends at about two ee! from 


on 
"VE. 
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the prime conductor, the other end as far from it 


as possible; electrify the conductor, and the elec- 


tric fluid in the rod will be driven to that end 


which is furthest from the conductor: so that one 
end will be electrified: negatively, the other end 


0 as will be seen by the balls. 


ExTERIMENT LVII. Apply a stick of excited 
wax to the tube D, fe. 22, as at A; while it re- 


mains there, the balls, I, open with negative elec- 
tricity; raise the wax, as at B, and the balls will 


close; raise it still higher, to C. and brad will 


| | open with Positive electricity. 


EXPERIMENT LVIII. Excited hs held over 


+ the middle of the tube! A, #8. 24, forces some 
part of the natural quantity of electricity of A into 


the balls, and some part out at the two ends into 


che air. e this experiment, the balls of A 1 
> "RPE repelled by glass, and are therefore in a posi- 
tive state; but, after the excited glass i is removed, 


they in a very little time change to a negative N 


tate, because part of the natural quantity had es- 
caped from the pointed ends into the air, while 
the glass was held over the tube; but, when the 


glass i is removed, the'oyer-charge i in the balls will 


0 course return, and diffuse itself equally in the 

tube: but, as this is not sufficient to balance the 
oY loss sustained, the tube, thread, and W 88 55 
e in a negative state.) Nees. 
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e 141,0 als three tubes, A, B; 
0. g. 25, in a line near to or in contact with 
each other; excited glass held over A forces out 


part of the natural quantity of fluid contained i in 


(4. into B and G; separate A from B and C, 


A will be electrified- negatively, B and C will be 18 
in a positive state. Put the three tubes into their 


former situation, the equilibrium will be restored, 

and the balls will collapse. . 
EXPERIMENT LX. Place FX 8 as 0 B, 

© D, fig. 26, in contact with each other; ex- 


cited glass held over A forces part of the fluid | 
contained in it into B, the quantity received in 3 
will force out a certain portion from C into D: 
the moment before the excited glass is removed 
rate. B and D from A and C, after 
_which-it will be found, that A and Care! in a ne- 


from A, se 


Baie, and B and D in a positive state.o 


* 


EXPERIMENT TN LXI. Excited glass bei 4. 


about one inch distance om the end, B, of 


solid eylinder of glass, B D, - plate 3, Hg. 28, 
Which is six ek. long, and about half an inch 


diameter, will ſorce part of the fluid at the end B 5 


towards the remate. end D; but, in doing this, 


| the natural quantity belonging to the glass wil! 
unde 80 ceyeral alter _ witch +; are e | : , 
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a little space of time, the electricity of these is 
Changed, those that were positive will become ne- 


; when these motions are weakened to a certain * ö 
: gree, they are imperceptible to the observer. 5 
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by the effect an excited glass tube has on a num- 


ber of pith balls, which are suspended at equal 


distances from each other, between B and D; in 


gative, and those that were e will become 


positive. : 


If the excited 1 is \ held: in 1 AE 80 * =”. 
end B, the additional- quantity received at B will, | 


in going towards D, cause several alterations in 


the density of the fluid in B D; but these altera- 
tiong will be converse to the. former, and, 8 a 


little time, will also be / 5 6 bd 


It may be inferred from these experiments, that 


| whenever the electric fluid in any body becomes. 
suddenly more dense in any one part, the fluid inn 


the neighbouring parts will be more rare, and vice 
versa. These alternate changes of rarity and 


continue to oscillate many times backwards and — - 2 J 
forwards before the fluid can be at rest; though, |  ' 3 


Most of the preceding experiments may be . 


5 with eylinders of wood or glass, instead of brass. 
1 is used, py ES aa wb 2 
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5 700 8 $xyrnMinTs on TAs ff |, 
t is not improbable, that the attractive and 
© repbleive motions of electrified bodies are owing 
to the alternate condensation and dilatation of the 
electric fluid on the surface of these bodies, as 
{ef are naturally ad where od meet with 
/ the least resistance, | | 
That there is a ribraipey motion or a 
between the dectric fluid, 'when in action, and 
| the air, is evident from that sensation which is felt 
when a strongly excited electric is brought near 
any part of the human body; and is such as 
would be occasioned by a spider s web drawn 
' Tghtly along the skin. This | circumstance is 
rendered more clear by an experiment made bx 
Dr. Prisstley, in order to discover whether 2288 5 
tricity was concerned in the freezing of water, 
"EXPERIMENT 1x11. He placed two dishes 
with water in the open air in the time of a severe |. 1 
frost, one of them he kept strongly electrified, | 
oould observe no difference in the time when _ 
tit began to fre e, or in the thickness of tlie ice „„ 
| when it had been frozen for some time; but he OY | 
observed on bach) side of the electrified wire, the 5 
same daneing vapour which is seen near the sur-“ 
face of the earth in a bot 87 or at 9 time FS, Cre bY 2 5 
eee Hutt p 
An electric e et: 3 pa- 215 
rallel ego, however” "net, is e an 
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Ein ILXIII. Electrified substantes 


will attract those which are not electrified, al- 


though a thin electric plate be interposed between 
them. IT, | 
ExrEIUENT LYIV. Bodies en Win 
1 powers attract each other strongly, al- 
though an electric plate be interposed between 


them: and, indeed, all those phenomena which 
depend on the influence of the electric atmos- 


pheres may be produced, although an electric is 
 Interposed between the body and excited electric. 

The above-mentioned experiments shew clearly 
| that electrics are permeable by the separated states 


of this fluid: these experiments have been intro- 


duced before in another part of this work. 

To account ſor any of the phenomena of elec- 7 
trie attraction and repulsion, is very difficult; but 
more 80 to shew why bodies, which are electrified. 


a with the same power, repel each other, particularly 55 


those which are negatively electrified. Philoso- 


phers have invented various solutions of this diffi- 


culty; the following i is esteemed the best. 


. Jo understand why bodies possessed of the 


same electricity repel each other, the reader must 
be reminded of the following principle, viz. that 525 
the electric fluid, proper to a body, can neither be 
eee Nor 73 8 on n the purkace « of that 5 


4 


1 call. - comple Teste of f Electricity, 5 1 10. 
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city do not repel each other, so that a sufficient 


EEE surfaces, the increased quantity of electric fluid, 
when the bodies are electrified positively, or the 


- remnant of it. 8 ey are e 198555 N 
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body, except the said surface is contiguous to 
an electric, which can acquire a contrary electri- 
city at a little distance; from whence it follows; 


that no electricity can be displayed on the facing 

: surfaces of two bodies, which are sufficiently near 
each other, and both possessed of the same elec- 
tricity, because the air that lies between them has 

no liberty of acquiring a contrary electricity. 


This being premised, the explanation of electric { 
repulsion becomes easy. Suppose, for instance, 


that two small bodies are freely suspended by in- 


sulated threads, $0 that, when they are not elec- 


triſied, they hang contiguous to each other: now 
suppose these bodies to be electrified positively or 
negatively, and they must repel each other; for 
either the increased or diminished quantity of 

the electric fluid in these bodies will endeavour to 
diffuse itself equally over every part of the surfaces 

ol these bodies, and this endeavour will cause the 

bodies to recede from each other, s0 that a quan- 

tity of air may be interposed between their sur- 


faces sufficient to acquire a contrary electricity, 
at a little distance from the said surfaces; other- 
wise, if the bodies possessed of the same electri- 


quantity of air may be interposed between their 
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5 Ueely, cannot be diffused equally over the surft 
ces of these bodies; for no electricity can appear 
upon the surfaces of bodies in contact, or that are 

very near each other: but the electric fluid, by 

attracting 'the particles of matter, endeavours to 
diffuse itself equally over the surfaces of these 


bodies, and the bodies are by this Endeavour 


forced ro repel each other.” 
« * The difficulty is not, however, ae by 


this theory, which only explains one fact by ano- 


ther, which requires as much explanation as the 
first: but, overlooking chis, it is still insufficient; 


Th for, granting that bodies negatively electrified 


- ouglit to repel each other, till the electricity is 


equally diffused over their surfaces, yet when this y | 


is 'accomplisbed, the repulsion ought” to cease. 
Further, there is no teason for supposing the. 


| electrification to take place while the bodies are 


in contact, or nearly so. One may be electrified | 
0 negatively i in one corner of a room; and another 
in the other. The electrification may also be 
continued for any length of time we please. S 
that the electric matter must have diffused itself 

c equally over the surfaces of both. Yet, if we 


attempt to bring these bodies together; they wil! 


repel each other, which ought. not to be the case 
on the e n | 
* Encyclopoia Britannica p. | 2688; 8 
a. | 
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. 8 \ 

8 Poettive electricity has been supposed by. 
another to consist of a vibratory motion in the 
air and electric fluid, in which the force of the 
vibration is directed outwards from the electric 
: [pddy:- that in negative electricity there is also a 
vibratory motion, but the force is directed in- 
wards. Now, let us suppose a body positively 
electrified suspended by a small thread at a dis- 
tance from any other, the vibratory motion being 
kept up by an equal pressure on all sides, the 
body is neither moved to one side nor another: 
but, when a negatively electriſied body is brougbt 
near, the force of the vibration being directed 
outwards i in the one, and inwards in the otber, 3; 
the pressure of the fluid i in the intermediate. Space 
between them is greatly lessened, and conse- 
ed the pressure on the other side drives them. 
both together, and they are said to attract each 
other. If a body electrified poxitively i is brought 
near the first, the force of the vibrations is directly ' 
ed to bach other, and therefore the bodies 
: ra from| each other. The ease is the same 

with two bodies negatively electriſied: for here 
CRE vibration being directed towards both bodies, 


as towards two centers, must cause them to recede 


from each other, because if they remained in con- 
tact, the vibratory motions wauld interfere wich 
each other. Oe Hs LS PEE 
. Encyclopedia Ajicanniea 1 p. 2699. 
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6 When a small body is brought within the 
1 of another's electricity, the equable pres- 


sure of that vibratory or electrical sphere is some- 
what lessened upon the side near which the body 
is brought, and it is therefore impelled towards 


the first by the action of the surrounding fluid, in 
order to keep up the equilibrium. As soon as it 


arrives there, the vibrations of the fluid around the 


first body being communicated to. that within the 


pores of the second, it acquires a sphere of elee- 


tricity as well as the first, and is consequently 


repelled: the repulsion continues till the vibration. 
ceuases, either by the action of the air, or by the 
body coming in contact with another larger than 
itself, in which! case its, electricity is said to be 


discharged. If, after this discharge, the second 


body is still within the sphere of the first, it will. 
be immediately attracted; and very soon after re- 
pelled; and so on alternately, till The MT | 


of the former totally ceases . 2 


From several experiments of Be 8, it ap- | 
pears that, if the air is thoroughly exhausted from 
a glass receiver, the attraction and repulsion of 


electrified light bodies within the receiver grous 


languid, and soon ceases altogether. This is 
confirmed by an experiment of Mr. Cavallo's. | A 
5 pi ith ball electrometer was suspended within a re- 

ceiver of an air-pump, by its brass cap; this was 


1 995 electrified; the: balls Averged a little when 2 


£34 


3 
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the air was only rafefied 100 times; when it was 
rarefied 300 times, the repulsion was: scarce dis- 
'cernable; when the rarefaction was greater, they 
did not diverge at all; and that, whether a small 
or large quantity of 1 was e 
ce en | e ik b Teens 
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nn EXPERIMENTS on THE ATTRACTION. AND RB- 
| 'PULSION oF BXCITED SILK RIBBONS. 5d 
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A 3 Lv. Put 2 TORY wy white 


\ F 5 89 5 ribbon together, and draw them through the fin- 


=_— will consequently attract each: othe. 


„ the ribbons will be excited positively. | 
Ikl positive electrics are drawn over the ribbons, 


they will be excited negatively. 
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LE A # black ribbom will excite as wo Src ems as a 
> IE: and-white ribbon.” / EO TO 
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f ibbdas at the fire, extend them on any smooth 
3 _ wy 0 15 5 a 1855 7 oath over 
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e e Phil, Tran, 0 73, p. 402. 
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gers; by this operation the white ribbon will be 
electrified. positively, the black Ae ang 


. ExPERINMENT Lv L«ay either of: the "Y 


bons upon a quire of paper, and draw over it an- 
ber, sealing-wax, or any other 2 electric, Fl. 
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them; while they continue on the lane they do 


not seem to have acquired any electricity, yet 


. when taken up separately, they are observed to be 


negatively electrified, and repel each other. 
When they are separated from each other, elec- 

_ tric sparks are perceived between them; but, when 
they are again put on the plane, no light f is per- 

ceived without a second friction. 

5 EXPERIMENT LXIX. Place the ribbons on. a 


rough conducting substance, rub them as before, 


and they will, on their separation, shew contrary 


electricities, which will, also e when 1 


are joined together. 1 
ll the ribbons are made to repel _ other, and 
: then joined together, and placed on the fore-men- 


_ tioned rough substance, they will in a few minutes 
be mutually attracted; the uppermost being posi- | 


tively, the. undermost negative] y electrified. 
When two white ribbons receive their friction 


on 2 rough surface, they aluays acquire contrary 


electricities; the upper one is Nee ddr if the 13 5 
one positively electrified, 


EXPERIMENT LXX. When two ribbons + are | 


made to repel each ather, draw the point of a 
needle lengthways down one of them, and they 
| will rush together.. 1 


Ex rEIUExT LXXI. Bring a an . rib- 
hoy. near a small insulated metallic plate, it will | 
be. attracted, but. feebly; ; brig, a finger near the | 
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. 
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plate, a | spark will het observed between them, 


: though both together shew no signs of electricity; . 


on the separation of che ribbon, they again appear 


to be electrified, and A Spark 1 is e e 


| (08 plate and the finger. 
1 EXPERIMENT ILXXII. Lay a gude of rib- 
bons of the same colour upon a smooth conduct- 


ing substance, draw the ivory rule over them, 


1 them up singly, and each will give a spark at 
. the place where it is separated 5 


= they are all negatively electrified. Take them 


15 from the plate together, they will all cohere i wy 
| one. hows which is ny 2g Are on both 15 


je 


ä LXXIII. Let tian? be ea 


| _— on a rough conducting substance, and then be 

| _ separated singly, beginning with the lowermost; + 

wdodpafks appear as before, but all the ribbons will 

bie Uectrified Positively except the uppermost. If 

| RE. they receive the friction upon the rough conduo· 
| 


: tor, and, are all taken up at once, all the interme- 
3 diate ribbons acquire the electricity of the highest 
or lowest, according as the e is het he 8 


. 25 FAS . 


Fs with the highest or the lowest. 


BH . The following very curious observations and Ts 


Experiments were made by Mr. Synmer. He had 


om the other; 
the last will do the same with the conductor; 


. been accustomed to wear two pair of silk stock 
. ings, a black and le white; when these were . ; 


OP EXCITED SILK RIBBONS. MN 


of both together; no signs of dobtrioity appeared; 
but, on pulling off the black ones from the white, 


| he heard a snapping or cracking noise, and in the 


dark perceived sparks between them. To pro- 
duce this and the following appearanees in great 
perfection, it was only necessary to draw his hand 


several times backward and d over r hi is | leg 
| with the stockings upon it. 


When the stockings were eee ind! held 
at a distance from each other, both of them ap- 


peared to be highly excited; the white stocking 
positively, the black negatively. While they were 
kept at a distance from each other, both of them | 
appeared inflated to such a degree, that they ex- 
hibited the entire shape of the leg. When two 


black or two white stockings are held in one 


hand, they repel one another with considerable 
force. When a white and black stocking are 
presented to each other, they are mutually ats 
tracted, and rush together, if permitted, with 


great violence. As they approach, the inflation 


many folds of silk; when separated again, their 
electric virtue does not seem in the least impaired 
for having once met. The same appearances will 
be exhibited by e for a considerable time. 


* 


gradually subsides, and their attraction of ſoreig 

| objects diminishes, but their attraction of one = 

another increases; when they actually meet, they 1 
become flat and joined close together, like so 
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When the stockings were suffered to meet, they 
stuck together with considerable force; at first 
Mx. Smmer found. they required from one to 
twelve ounces to separate them. Another time 
they raised seventeen ounces. Getting the black 
ks Stockings new dyed, and the white ones washed 
and whitened,-in- the fames of new sulphur, and 
then putting them one within the other, with the 
rough sides together, they required three pounds 
three ounces to separate them. When the white 
stocking was put within the black one, so that the 

outside of the white was contiguous to the inside 
ol the black, they raised nine pounds, wanting a 
few ounces; when the two rough surfaces were 
together, they raised fifteen. Pune. one N 
weight and an balf. x VF 


The e, Mr. Thor has made may curious. 
on the attraction of ribbons, their 3 c. ae 
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955 | BXPERIMENT LXXIV. 


"Pax 1 55 wire Hes ball, B, to: 1 2 of the con- | 1 

duetor, as at A, plate 3, fe. 29; turn the cylin- CE 3 

7 der, and then bring the knuckle or another metal 5 
hall, as C, towards B; if the machine is powerful, 
„ ® long crooked, brilliant, electric. spark, with the 
5 appearance of fire, attended with a snapping noise, 

will pass between the two e or 1 the 

knuckle and ball. 1 | 

The experiments in 9 1 3 e K 


— 


that those substances which are brought within 1 

the influence of the electrified. bodies will become | MY 
g possessed of a contrary electricity, and are cone. 4 
11 quently i in a proper state to receive a spark from „ 


any body that is charged with electric matter; and 

when. brought near enough, . they will receive the 

ſtluid in one explosion. If the conductor i is nega- 
tie it receives the fluid from the approaching „ 

body. The spark does not explode at the greate e 


distance on a given body, until it bas first ben 
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made to rs at some 4 Htance: which, as 
it were, entices the discharge gradually forwards. 
The longest and most dense sparks proceed 


from the erd of the conductor which is farthest 
4k from the cylinder, though long curvilinear sparks 
may also be taken near the insulating pillar which 
1 supports the conductor. 


The spark, or quantity of electricity discharged, 


is near] y in proportion to the size of the conduc- - 


tor; so that larger and longer sparks are obtained 


from a conductor which has a considerable surface, 
than from a small one. This has been extended 
$0 far, that the force of the spark from a condue- 
tor has been 8 or to a e om e sized 
* 8 2 1 


The 9 PHP is 8 ab AT amenity 


| agitation into which the air 1s thrown RE the Rye 
* If the dectrie ems is N on any Pert of 
the body, it occasions a sensation something re- 
: sembling 2 smart blow, which is more or less 
painful, in proportion to the tenderness of the 
part, or the/strength and weakness of the spark. 
When the quantity of electricity is small, and 
incapable of striking at any considerable distance, 


the spark appears straight; but when it is strong, 


and capable of striking at a greater distance, it 
assumes a erooked or zig-zag direction; and this, 
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probably, because the more fluid electric matter 
has to pass with great rapidity through the denser 
and less fluid atmosphere, which rociprotally acts 
upon each other. i net” 
If the uninsulated a. oubstance that is 
presented to the prime conductor, in order to take 
sparks therefrom, be broad, round, and polished 
at the end, the sparks will be short and dense, 
and will produce a considerable sound. If less 
broad, the spark will be long, crooked, and not 
so sounding. If the breadth be still more dimi- 
nished, the conductor begins to come under the 
denomination of a pointed body; the electric fluid 
passes to it from the prime conductor, through a 
great space of air, with a hissing or rustling noise, 
and in a continual stream. A still greater sharp- 
ness enables the electricity to pass over a stil! 
greater space, but silently, and nothing is seen 
but a small light upon the point. If a similar 
point issue from the prime conductor, and the 
uninsulated conductor be round and polished, the 
same effects happen in like situations; but, if 
both be pointed, the electricity is more readily . 
discharged; and, in all these cases, the appear- 
ance of the electric matter at the point of the 
prime conductor will be that which is peculiar to 
its electricity —a large divergent cone, if posi- 
tive; a small globular light or cone, if negative; 
and the light at the point presented to the prime 


* 
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* 


| conductor, will be characteristic of the contrary , 
. e 
It will be Seen, by a great variety of . 
| ments, that the electric fluid is dissipated, unless 
it is resisted by the pressure of the atmosphere, | 
which keeps the fire together in a body, and by 
condentrating, it increases its splendor. The 
spark which explodes in the air is vivid, like light- 
ning; but, if the same is tried in an exhausted 
receiver, instead of a spark and explosion, we have 
_ a silent, faint, diluted stream. 
Beccaria says, that the air resists the electric 
2 | park in proportion to its density, and the thick- 
- ness of the stratum it opposes to the spark, or the 
length of the passage they open for themselves 
through its substance. He also shews by a . 
riety of experiments, that the air is driven in 
every direction by the electric fluid with a force; 
the action of which does not immediately subside. 
It will appear from this, as well as many other 
-considerations; that the exceeding great velocity 


A 


3H and strength of t id are not owing to 
| à repulsive power among its particles, but to the 


mutual action of the air and electric fluid upon 
themselves and one a other; and that its momen- 
tum is produced by the incumbent pressure of the 
atmosphere on the electric fluid, and the pressure | 
=> of one part of this matter upon another. This : 
latter pressure must be very great, if the particles 


1 


3 
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of the electric fluid are in contact, or act imme- 
diately one on the other r the wide 
immensity of space. 

The electric spark appears of a different colour, 
according to its density: when it is rare, it ap- 
pears of a bluish colour; when more dense, it is 
purple; when highly condensed, it is elear and 
white, like the light of the gun. 

The middle part of an electric spark often ap- 


pears diluted, and of a red or violet colour; the 


ends are more vivid ang white, probably because 


the fluid meets with the mens resistance at its 


entrance and exit. | 
The spark is sometimes dirided into many parts, 
as in plate 3, fig. 30. The rays of the pencil con- 


_ centrate where they strike the ball, and Tow * | 


it many dense and shining sparks. 

ExPERIM ENT LX v. Ty render an ivory ball 
: . Place an ivory ball on the conductor, 1 
take a strong spark, or pass the charge of a Ley- 
den jar through the center of it, the ball will ap- 
pear perfectly luminous. If the charge is not 


taken through the. center, it will pass over and 


N the surface of the ball. 


 ExPERIMENT LXXVI. To. obtam a crimson cor | 


| ae part. Take a spark through a ball of box 


wood, and it will appear of a beautiful crimson, or 


rather a fine scarlet colour; or the shock may be 


passed through: pieces of wood of different thiex- 
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nesses and density, which will afford a very angle 
field for observation and experiment. 5 
The two foregoing experiments are 50 Ne wh 
to the famous experiment of Mr. Hawksbee, 
Cad some others that have been made since his 
- time, that T have subjoined them, and hope they 
will lead to a further wenne of this curious 
1 „ 
ExppRIMENT i Mr. FW lined 
more than half the inside of a glass globe with 
Eng- he exhausted the globe, and put it. 
in motion; when, on applying his hand to excite | 
it, he saw the shape and figure of it as e 
on the concave superficies of the wax within, as 
i only pure glass had! intervened between his eye 
and his hand. The lining of wax, where it was 
thinnest, would but just allow the light of a can- 
dle to he seen through it in the dark. In some 
parts the wax was at least an eighth part of an 
inch thick; yet, even in those places, the re 
and figure of his band were as . as 
5 any where else. i . 
Beccaria Riecharged a an lar Shock Mech 


dome brass dust, sprinkled between two plates of 


Sealing-wax; the whole was rendered peſectly | 

luminous and transparent. | 

EXPERIMENT LXXVI1L, The Sagir rendered 
— This extraordinary experiment was 
c a by 4 Dr. ens * is thus e * 


ht 


14 


* 
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him. 11 laid a chain, which was in contact with 
che outside of a jar, lightly on my finger, and 
sometimes kept it at a small distance by means of 
a thin piece of glass. If I made the discharge at 4 
the distance of about three inches, the electric fire 
was visible on the surface of the finger, giving it 
a sudden concussion, which seeined to make it 
: vibrate to the very bone; and, when it happened 
to pass on that side of the finger which was oppo- 
Site to the eye, the whole seemed in the dark 
N transparent. 
EXPERIMENT LXXIX. Take a bottle of wa- 
ter luminous. | Connect one end of a chain with 
bs the outside of a charged jar, let the other end lie 
on the table, place the end of another piece of 
chain at about one quarter of an inch distance 
from the former, then set a decan ter of water on | 
these separated ends; and, on making the dis- | 
charge through the chain, the water in e 
perfectly and beautifully luminous. 
1 Do not these experiments indicate, chat there: is 
| | subtile medium both in electric and non- electric 
LY | bodies, that renders them e when it is 
put in motion? 3 0 f 
725 ExTEAIMRNI I LXXX. Gam "an red PD £ 
The parks taken over a piece of silver leather, | 
appear of a green colour; and over "ol 1 „ 
A red colour. C 6 | 
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ExrERIMRENT LXXXkI. With the Spiral tube. 
E F, plate 3, fig. 31, is a glass tube, round which at 
small, but equal distances from each other, pieces 
, of tin-foil are pasted in a spiral form, hence it is 
called the Pirol tube, from end to end; this tube 
is inclosed in a larger one, fitted with brass caps 
at each end, which are connected with the tin- 
. foil of the inner tube. Hold one end in the hand, 
and apply the other near enough to the prime 
conductor to take sparks from it, a beautiful and 
lucid Spot will then be seen at each separation of. 
the tin-foil: these multiply, as it were, the sparks 


taken from the conductor; for, if there was no 


break in the tin-foil, the electric 1 fire would pans 5 
off unperceived. Fes 22 5 
e LXXXII. The ed WH, 
This experiment is exactly on the same principles 
as the foregoing. . The word is formed by the 
ee separations made in the tin-foil, which is 
pasted on a piece of glass that is fixed in 4 frame 
.of baked wood, as is represented in fg. 32. To 
make the experiment, hold the frame in the. hand, 
and present the ball, G, to the conductor; the 
spark received on this will be communicated to 
the tin- foil, and follow it in all its windings, till 
it arrives at the hook, h, and is conveyed from 
thence to the ground by a chain. The lucid ap- 
pearance at each break N a k VOY: brilliant 


| ond by n „ „ 


N 
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ents LXXXITL. To take the electric 
| yy with a metal point. Screw a pointed brass 


wire into one end of a spiral tube, and present it 
to the conductor while the machine is in action, 


when a strong spark will pass N Sow con- 
ductor and the point. | 


_"ExygrIMENT LXXXIV. A Strang. li ob- 
= PRO by point. Take a clean dry glass tube, of 
about a quarter of an inch bore, insert a pointed 


wire in this tube, keep the pointed end at some 
distance from the end of the tube, let the other 
end be connected with the ground, bring the for- 


F between the conductor and the point. 


ExPpERIM RENT LXXXV. Spiral illumination. 


Take a round board well varnished, and lay on it 


a chain in a spiral form; let the interior end of 
5 ys chain pass through the board, and connect it 


7 with the coating of a large jar; fix the exterior 
Eg os end to a discharging rod, and then discharge the 


. the chain. The illuminations to be produced by 
„ 55 a chain are capable of an ini variety of modi- 
3 leasen „ e 
25 0 ' ExPERIMENT EXKXVI. 1 discharger. 


| 


each other, on a piece of bent glass, and let the 


. | 
5 £ "G9. % : N 2 F 
4 1 . N 5 N 2 i 3 


Jar; a beautiful spark will be seen at every link of 


| 1 Flic spots of tin-foil, at equal distances fromm ug: 


*ends of the © Blass be furnished with ag YT and 5 


mer towards the prime conductor, and strong 
zig- zag sparks, attended with a peculiar noise, will 


* 
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a EY handle be fixed to the middle of the kao: 


glass. The instrument will serve as a discharger, 


2 - 


and at the same time exhibit, at each separation 


of the tin-foil, the electric light, The same end 


is answered by connecting an iron chain with the 
two balls. e BFB : 


EXPERIMENT IXXXvII. e by. a re- 


wolving spark.” "Fig. 98, plate 5, represents several 


spiral tubes placed round a board; a glass pillar i is 


fixed to the board, and on this pillar is cemented 


a metal cap, carrying a small steel point; a brass 
wire, furnished with a ball at each end and nicely 
balanced, is placed on this point: place the mid- 


dle of this wire under a ball proceeding from the, 


conductor, 80 that, * may receive a continued 
spark from the ball; then give the wire a rotative 


motion, and the balls in revolving will give a 
spark to each ball of the spiral tube, which will be 


8 | communicated | from. thence to the board; form- 
ing, from the brilliancy of the light and its rapid 
55 motion, a very / pleasing experiment. 


All these experiments on the 8 1 


: may be pleasingly and beautifully varied, and the 


spark made to appear of different eoloung,” at He 
W of the operator. 
Hg. 92 represents a small Class te abpped at 


5 one end with a piece of cork; k, a wire passing 


| through a piece of cork, fitted into the other end 
ofa . . upper re of the wire is  furniched | 


p | 


4 


; t 


| bottle by the electric 
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with a brass ball, the end of the wire within the 
| tube is bent at right angles to the rest of the wire. 


\ EXPERIMENT LXXXVIII. To perforate a glass 


80. that the end of it may be near or rather below 


the surface of the oil; present the ball towards a 
prime conductor, holding the finger, or any other 
non- conductor, opposite the bent end of qe wire; 


and, when a spark passes from the conductor to 
the brass ball, another will pass from the end of 


the wire and . the 1 the oil will be 


| <orionaly agitated. © 


This experiment appears more beantifhl when it 


is made i in the dark. After the first hole is made, 


2 park. Take out the upper 
cork and wire; pour some salad oil i into this tube, 
and then fit in the cork and push down the wire, 


— 
- 


turn the end of the wire round towards another | 
part of the glass tube, and a Second hole word! be 


made 1 in the same manner. | 

Mr. Lullen produces: very considerable n 
by passing the shock through wires that were in- 
serted in tubes filled with oil. The spark appears 


| Jnvger: in its passage through oil 85 71 it 


1 through water. 
Mr. Vi iletté filled a dish of cel with oil 14 


en be bad electnfied the dish, be plunged e 
needle: into the oil, and received a very strong 


spark as soon as the point of it came within a 


small distance öf the dich. A small cork ball. 
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| being” made to swim in this oil, kata the ap- 
| _ proach of the thick end of the stalk of a lime, it 
plwkKunged to the e r IOy. rose ag 

„„ 0-74 _ ö 

The separation 8 the pieces of tin-Goil in 
Experiment 62, forms a resistance which hinders 
the immediate reception of the electric fluid, and 
thus, in some measure, prevents the common ac- 1 
tion of the point on the conductor; or, the power 
of a poigf, to prevent an explosion, depends on 
its having a perfect, uninterrupted metallic com- 

| munication with the earth; though this is not 

always sufficient, as may be seen by Experiment . 

2 6, where the fluid is concentrated and collected | | 
by the non-conducting i substance which surrounds 155 : 
the point; a case similar, in many respects, to the 

conductors which are © erected fox 5 ne Poe.” 
eng: Hos he ng ole pate, ge 


nor nente x BXPBRIMENTS. . 


14 


F. + : 
* s 
0 2 9 3 7 


Ein DN LXXXIx. 3 „ e 
| are. Take some of the powder of Canton's 

e and, by means of a little spirit of 
wine, stick it all over the inside of a clean glass 
phial, then stop the bottle, and keep it from „„ 
light. To. illuminate this phosphorus, draw serve. 
ral strong sparks from the conduotor, keeping the Ty i 
7 PO 1 885 two or three inches en 1 


, -] 
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$0, > that it may be exposed to their light; the phial - 
will afterwards appear Jannoos, and remain $0 
for a considerable time. WELD 
ExERINKRENT XC. Cut out in pasteboard, or 
soft wood, the figure of a erescent or any of the 
palanets; cover this equally with the white of an 
egg beat up till it is quite smooth, over which sift 
the phosphorus through a fine lawn sieve, then 
let it dry, and blow off all that is not fixed by the 
egg. To make the experiment, placè the object 
in the communication between two directors, and 
discharge the jar, when the whole will become 
beautifully luminous; care must be however taken 
to hold the directors at a little distance above the 
phosphorus, for if it passes through it, the whole 


of the ne, in the track of the fluid will be : 


torn off, - _ 7 88 
Place a "nib 5 on | the horn ad dis. 
3 a Leyden phial over the phosphorus, and 
Mem: throw. the key off from it, and when it is 
exhibited. in the dark, the form of the Fey and all 
its wards will be perfectly seen. | 
As the experiments on phosphorus are in 1 e 
each exceedingly curious, and appear to me to 
be intimately connected with the nature of clec- 
tricity, I hope I shall not be thought to have 
| deyiated too far from the subject of this Essay, by 


introducing some experiments of Mr. Nilson on 


_ 6 subject; the more so, as the producing, the 
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prismatic 8 is by no means difficult, as little 
more is required than a few oyster shells, and a 
good fire of any kind. For, if those shells are 


0 thrown carelessly into the middle of the fire, and 
continued there for a proper time, which may be 
bor ten minutes, a quarter, half, or three quarters 


of an hour, according to the thickness and com- 


pactness of the shells and the degree of fire they 
are exposed to, they will exhibit lively prismatic 


colours, aſter they are removed from the sun into 


the dark suddenly, and the eyes have been pre- 
viously prepared a little to receive them. Mr. 

hese shells with 55 
electricity in the following manner 


Milson excited also the light of th 


EXPERIMENT XCI. He placed upon a meu 8 


stand, which was rounded at top, and about balf 


an inch in diameter, a prepared Shell that would. - 


exhibit the. prismatic colours very lively on the 


upper surface of this shell, and near the middle, 
where the colour-making parts predominated, he 


3s brought the end of a metal rod, and then con- 
nected the two thetals properly with the coatings 

of a charged iphial, in order to discharge the fluid. 
In this circuit there was left designedly an inter- 
val of about three inches, unoccupied by metal 
and next one side of the glass; the discharge was 


made by completing the circuit with metal wbere 


1 5 the interval was left. The shell at that instant 
Was _ up to an acesdng e n es 


pa 


5 . | 
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60 that all the colours appeared ba hy distinet 
and in their respective places, answering to their 
different colour-making parts. These colours 


continued visible several minutes, and, when they 
ceased to appear, a white purplish light occupied 
their places, which lasted for a considerable time. 


And, notwithstanding this experiment was re- 


peated with the same and other shells, the colours 


continued i in their respective places, and nearly of 
the same degree of brilliancy; excepting, that in 


or near those parts where the ex as _ FORM 
'n few scales were driven off. 


ExrERIMENT xcit. On firing 154 of Wine 


= the electric spark. Let any person stand on the 


insulating stool, and-connect himself by a wire or 


chain with the prime conductor, he will then | 
exhibit the same appearances wbich are obtained 


from the conductor, and will attract light bodies, 
give the spark, &c. and thus afford a pleasing 
mode of diversifying every experiment. It is ab- 


— 


solutely necessary, to the complete success of this 


experiment, that no part of the cloaths touch the 

floor, table, &c. and that the glass feet be carefully 

dried: a sheet of dry brown paper placed under 
the stool, will be ſound of considerable ez by | 


15 


| rendering the insulation more complete. 


If the insulated person lays his hand on the 


cloaths of one that is not so, especially if they are 


woolen, they will both feel as it were many pins 
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pricking them, as Oy as the eylinder is in mo- 
tion. 6 


9: ER X CI. To Pn 5 Wine with : 


the electric part. Heat the ladle, I, pl. 3, fig. 35, 
then pour a small quantity of spirits of wine into 
it, and fix it by its handle ta the end of the prime 


conduotor; or fire the spirits, and blow them out 
a few minutes before the experiment is made; take 

a spark through the middle of the ladle with a 
brass ball, and the spirits will be fired by it. 


Or, let a person standing on an insulated 1 


8 connected with the prime conductor, hold the 
ladle with the spirits in his hand, and let a person 
on the floor take a spark through them, and they 
will be fired. The experiment answers equallß 


well, if the person on the floor holds ne, and 


the insulated person takes the spakk. . 
ExPERIMENT XCIV. The 8 += 
ment may be agreeably Gren e in the following 
manner. Let one electrified person, standing on 
an insulated stool, hold the spirits; let another 
person, standing also on an insulated stool, hold 
in his hand an iron poker, one end of hieb is 
made red hot: he may then apply the bot end to 


the spirits, and eyen immerge it in them, without 


firing them; but, if he put one foot on the ow | 
he may set the spirits on fire e | 
ExPRERIMENT XCV. The spirits cannot be 

kindled by an insulated person; because, as the 


- 


or INFLAMMABLE AIR, 203 


electric fluid cannot escape through him to the 
earth, he is incapable of drawing a spark suffici- 
ently strong to inflame them, and hot iron will 


seldom or never set spirits on fire. 


or INFLAMMABLE AIR, AND THE PISTOL FOR 


4 


"FIRING INFLAMMABLE AIR BY THE BLEC- | 


TRIO SPARK. 


E135 x 3 62, 5A 


A species of; air, AP ® is al. is the 


_ quently generated in coal mines: the air also 
emitted by stirring the mud of some standing 
waters, has been found to be inflammable. Pu- 
trescent animal matter also emits this fluid. It 
may be obtained by distillation from wax, pitch, 


amber, coals, and other phlogistic substances. 


The following is the most convenient method to 
proeure it: put some small nails or iron filings into 
the glass bottle, r, pl. 3, fg. 38; cover these with 
water, then add to this a little oil of vitriol, about 
one quarter of the quantity there is of water; put 
the ground end of the bent tube into the mouth 
of the bottle, and pass the other end through the 


water of the bason, T, into the neck of the bottle 


K, which i is filled with water, and inverted in the 
1173 bason: the bottle, K, must, be supported during 
the operation. In a little time the mixture will 
efferresce, and emit a fluid which. will pass 
: through the bent tube, go into the bottle, K, and 


> - b 
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at last fill it totally, expelling the water; the 


bottle is then to be removed, and como as * 
ditiously as possible. | 


Hg. 39 represents a brass pistol f to ae 
1 air; ab is the chamber of brass, to the mouth, a c, : 

5 5 of which a cork is fitted; a perforated piece of 5 
brass, g, screws on to the bottom of this chamber, 
(this piece is represented by itself in Ig. 40 a 
glass tube, f, is cemented into the perforation of 

tis piece, and a brass wire is also cemented into 


the glass tube; one end of this wire is ſurnished 


with a ball, the other extremity is bent, so as to 
come within about a tenth of an inch of the brass 
piece. Pig. Al is a brass cap which screws on tbe 
pistol, to preserre the glass tube from any acci- 
dent. The air with which the pistol is to be 
charged should be kept in a corked bottle: take 
out the cork and apply i in the same instant the 
mouth of the pistol to the opening of the bottle, 
and the common and inflammable air will mix 
together, because the former being heavier than 
dee latter will naturally descend; keep the pistol 
in this situation about fiſteen seconds, then re- 
move it, and cork both Fe: ne 22. 1 with 5 
the utmost expedition. « 


If the pistol is held too . over ths boule, 


and is entirely filled 2855 eee h it yolk 1 


# 


„ 


++ 


. 
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DRSCRIPTION OP ANO DEBS. APPARATUS FOR 


MAKING INFLAMMABLE AIR, AND FILLING | 


THE: AIR PISTOL, &c. 


55 | This apparatus consists of the following articles: 


1. A glass funnel. | 
2. A small glass tumbler. 


5 3. A bladder tied to a stop- ook. 


4. A brass pipe passing through a ors wht . ü 


cork i is made tapering, to fit the neck of a com- 
mon wine bottle: the upper part of the pipe has a 


male screw, to fit the screw on the lower end of 


5. An air pistol, Enid with a valve at the 
end 5, fig. 39; the wire passing through a glass 
tube, and to which the spark is to be given, is 


fitted into the side of the pistol. At the end, 5, 
of the pistol is a male screw, which fits the lower . 


_endof the stop-cock. 
6. A box with 1 iron filings. 


7. A small measure which will bold the proper 


quantity of iron filings. 


8. A brass tube and hollow flyer; the lower 


of of the brass tube fits the stop- cock. 


Soak the bladder in water which is lukewarm, | 
/ F in order to soſten it; and then render it pliable, NY, 
by blowing air into it and squeezing it out again. 


AYE 0b! screw the conical Ire with the Tp 


the $top-cock. „„ „ Le 


7 — ” 
« 
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into the lower end of the stop- ook, and it is 
ready for use. Then take a common quart wine 
e and put into it a little hot water to warm 
Pour as much oil of vitriol into the tumbler 
1 0 (as 4 1 about half fill it, and mix this in another 
3 5 tumbler with about three times the quantity of 
cold water. Throw the warm water out of the 
5 bottle, and put a measure of iron filings into it; 
=o: . then pour out the diluted vitriol through the glass 
flunnel upon the i iron filings” As soon as the ef- 
fervescence begins, put the cork with its pipe into 
| the neck of the bottle, and the inflammable air 
© which is generated by the mixture will enter into 
and gradually swell the bladder. When this is 
[ full, shut the $top-cock; and Te” TN bladder = 
1 from the bottle. 8 
El IT The bladder being thus filled, screw hy bon i 
8 at ihe piston upon the stop-coçk; compress tbe 
bladder, and introduce by this means about as 
Ss + much inflammable air as you judge will fill one 
. third of its capacity, and put the cork immedi- 
_ ately into the muzzle of the pistol. 'To forma 
circle of fire with inflammable air, fill the bladder 
as before, unscrew the conical tube from the stop- 
cock, and screw the brass fly in its place, SD 
the cock, and compress the bladder; the air will I big 
Pass through the fly, and set it in motion: light ' 
the air at the end of the pipe, and a beautiful cir- 
ele of fire will be formed wy the motion of the 5955 


* 
1 


1 
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| i tube and the fired air which issues "I its points: 
Ihe pistol is fired as in Experiment 69. 1 
If too great a quantity of inflammable air is in- 


troduced into the pistol, it will not explode: to 
remedy this, blow strongly into the muzzle of the 


= pistol; this will force out a quantity of the in- 
flammable air, and occasion a quantity of com- 


mon air to enter the pistol, which will WT: rea- 


dily eaplole. . 


The bottle should be 0 into the open air rand 
be well washed, as soon as the bladder is filled. 

ExrERRMENT XCvi. To fire inflammable air. 
Bring the ball of the pistol which is charged with 
inflammable air near the prime conductor, or the 


kunob of a charged jar; the spark which passes be- 


tween the end of the wire, f, and the piece, g, 
. 40, will fire the inflammable air, and drive 


the cork to a considerable distance. This air, 
like all other, requires the presence either of com- 
mon air, or else of vital air, to enable it to burn; 


but, if it is mixed with a certain quantity of com- 


mon air, an explosion will take re in 8 1 


the electric spark through it. 


Mr. Cavallo recommends a is DR” in the 5 
en manner, to those who wish to make 
experiments on the explosion of inflammable and 


 dephlogitticated air, or with known quantities of 


common and inflammable airs. It consists of a a 
brass tube, about'one inch in diameter and six 


2 
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inches long, to one extremity of which a perfo- 
rated piece of wood is recurely: fitted; a brass 
wire, about tour inches long, is covered, except | 
its ends, first with sealing-wax, then with silk, and 


3 4 afterwards with sealing-wax again. | This wire is 


to be cemented in the perforation of the wooden 
piece, so as to project about two inches within 
the tube, the rest is on the outside; that part of 
the wire which is within i is bent, so as to be only 
about the tenth of an inch from the inside of * 
brass tube.“ e 3 | 
"Ts use this pistol, fill it with, 5 — — . 
it into a bason of water; make the required 
quantity of inflammable and common air in ano- 
ther vessel, by putting in known and proportiona- 
ble measures of each; introduce this mixture into 
the pistol, and then stop it with a cork; take the 
pistol out of the water, and pass in the usual man- 
ner the spark of a charged jar through. it, and. the 
eee air will be fired. 

The instruments for firing the mad. air 
ih the electric spark, are often ape. in the 
"ina of SERA» Pie b. io „„ 


4 7 5 2 


c HAP. N. 


o ELECTRIFIED POINTS, 


Pxennus ENT XCVIL. Dissipation of W 


bya porn. 


a 8 he ied: end of a wire towards a 
conductor which is positively electrified, a lucid 
- globular point or star will appear on the point, 
and the electric fluid will be evidently conveyed 
away and dissipated from the conductor. 


EXPERIMENT XCVIII. Brush of electric light. | 


Present a pointed wire towards a conductor that 
is electrified negatively; a lucid cone or brush 


will be seen diverging from the point, and the 


quantity of fire will be increased. 


Ex?ERIMENT XCIX. Star of Fe light. 


| The lucid star is seen on the collecting points of 


a positive conductor, while a diverging cone will 


5 Ac a point eee AG ES the con- 


— 


To * ihe direction. of ihe . fluid, 5 


| has eyer been an object of considerable importance 


to the electrician; as it would enable him to de- 


eo ie 8, which have 


| | | KO 
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: been invented to account for its phenomena, and 
Ws assist him in the progress of future disco- 
very: to this end, much stress has been laid on 


5 1 the different appearance of the light which is 
perceived on the pointed ends of electrified con- 
ducting substances; as these have been 1 ] 
to elucidate fully this interesting question. 55 
| The electric fluid appears as a diverging : stream 5 

 ,. darting forwards into the air, from a point electri- 

| fied positively. The luminous appearance on a 


1 A — r 5 
= 1 N VS x 5 
5 - 


Econ or star. 


"of the electric fluid, the rays of it would by this 
resistance be made to diverge; therefore, when 
this fluid is darting from a point into the . it 
bh po - will assume the form of a lucid cone or brush{ - - 
5 To this it has been objected, chat these rays 
= : may possibly be converging from so many points 
1 _ 5 5 in the air towards the point, and not diverging . 
| * © from it; hut; as there does not appear any reason 
= ; 1 8 why a visible ray should break out from one _- 
„ - . I he atmosphere more than another, the former 
| account seems more conformable to Wa and | 
title known laws of other fluids. The air resists 
tte motion of the electric fluid equally,” There- 
| | fore, when this fluid is coming from the air ts. / 


| _  dlowly and invisibly through the air, but equallß 
* Se 
| 5 75 ; | | 


* * p — . A OE Oe OR . 8 1 — 
*. * pe . "9% 7 . * F . 8 8 — 9 
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point negatively dertrified, is ance 58 n little 35 


Now, as the air is We 4 resist Ah nth 5 


wards a pointed conductor, it would pereolate _ 
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en all 3 till it comes 80 near as to be His to 
break through the intermediate space; but, as 
this will be equal or nearly so all around, the 
negative electricity must appear like a steady lu- 
minous globule on the point.“ Notwithstanding 
the apparent probability of the. above reagoning, _ 
it may still be objected, that no decisive conelu- = 
sion can be drawn from these appearances, as they 
may be varied by augmenting or diminishing the 
volume of the pointed Wy and = a TROY of 
other circumstances. = 
 ExezrimenT C. A lucid cone appears on 
te collector of a negative conductor,” and a lucid 
a . star on a point placed on the en end of the 
conductor. | 
| ExpxRIMENT ET; mg: an nee 150 Une 
near a point that is fixed at the end of a positively 
electrified ' conductor, and the luminous brush .. 
will be turned out of its direction by the action of 
the excited tube; if the tube is held ae nh 
site to the point, the brush will vanish. 
\ | __Exyzximenr cir. Fix the point to hs mY 
| of the negative conductor, the lucid star will t turn 
towards the excited tube. 
 ExygrIMENT C11. Action. of ow: Thi a 
wire, which bas a ball at one end, into the hole 
at the SEN a ee Ne Pets a N OE 


| 


©, 4 


pedi eee p. 2699. 


NE 6 


N 
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e ns e 


even with the middle of the ball, and about an 


inch from it; turn the machine, and place the 


same wire at the end of the ee conductor, 
he appearance will be reversed, and the knob will 


S8 con be heated by the flame __ the nen n 0 


is carried towards it. ; b 


Ex ERIMENT Civ. Electric me Pai : 

wire in the hole on the upper Side of the conduetor, 8 

then place the center of the brass cross, K; Plate 5,5 
Jg. 34, upon the point, the ends of which cross Ol 


are all bent one way; electrify the conductor, and 
the eross will turn upon its center with great ra- 


pidity. If the room be darkened, a circle of light 


will be formed by the electric fluid on the points 


ol the wires. The rev action of the air on the di- 
. verging cone of electrie matter gives . retro- . 
. W motion to the points of the wire 


Ihe fly turns round in the same le, 


Whether it is eleotrifiell negatively or positively; 


FE though it wt] not move in vacuo, unless the fin- 
ger, or some other conductor, is applied to the 

7 opposite to one of the points, it will 
then begin to move, and continue to Ee Oy" | 


glass recervi 


till the glass is charged. 


| EXPERIMENT CV. Lessig ev e need ©, 
wires, MN, o P, g. 35, und the resistance of 


© "the air against the electric stream from the point 
15 of the fly, L, the axis of which rolls on the wires, 


/ 
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All force the fly up the declivity of the inclined 
; % ee. | 

ExrERIMRExT cvi. Fig. 36 represents a small 
me which will move from the same cause as the 
foregoing, and raise a small weight. 


EXPERIMENT CVIL. Several flyers may. be 


| made to turn at the same time, see fig. 37, and 


many other pleasing experiments may be con- 
trived on the same principle; or the flyers may 


be placed one above another, diminishing gradu- 


5 brilliant, if the ends of the wires are covered with 
a thin coating of grease, sealing- wax, or ulphur. 


placed on an electrified conductor, scarce any 
spark will pass to the point, although it is held 


minous cone; the circles of light will be more 


EXPERIMENT. CvIII. Spark from à point inn. 


mersed in oil. Immerge a metallic point in a 


metal vessel nearly filled with oil of vitriol, and 
very near the bottom of the vessel. If this is 
filled with essential oil of turpentine, a small light 


fluid. If common dil is used, the point will take 


EE 1 eee 


measure on the N cl of Par e 


through, en Ke | 


ally in size, and forming, when electrified, a lu- 


— 


may be seen from time to time in the body of the 


strong sparks, and the electric fluid, in endea- 
vouring to reach it, will oc a ebullit on in, | 


the oil 
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2 d boats or little swans, Ke: are ae of x; 
16 2 + cork or light wood, they may be attracted and 
made to swim in any direction, by applying a 
finger towards them: a fine needle stuck into the 
end of the boats, in the manner of a bowsprit, 
will cause them to be repelled from the hand held 
EE oyer it, and they may be steered by it, stern fore- 
mast, to what point of the compass you please. 
Ih be boats might have the addition of sails to 
F  _ them, and might then be made to move briskly 
| before an electrical gale, from the Cana of © wire. | 
Ez held | in the hand. AK INS : 
= -. The operator in e tricks Would ab h be 
e looked upon as a magician, if the electrical ma- 
chine be kept out of sight. But a more striking 
. appearance would be a number of these boats, 
—_ ES with each of them a twirling fly about an inch in 5 
1 length fixed 49, the top of the mast; the hand = 
held over them would set them all in motion: . 
the dark, they would appear as so many rings of 


l / 5 2 ” — 

s - . 
* 1 5 
0 2 ** 


5 
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N 

| „„ moving in various a each en ta a 
—_ hand i in any direction. e 25 
3 Ln: When a few young | persons how! "nothing als „ 

1 e to do, they might very innocently amuse them i 
=: selves, by making a representation of a kind of 

'$ | GN DENY these boats. e „ . 
1 

1 | * 25 . 


| each of them large 1 to hold a small coated : 


phial without sinking, these phials may be charged, 


some of them positively on the inside, others ne- 
gatively; they may then be placed at the bow of 


the boat, with the wire, ball, and uncoated part of 
the phial projecting over; a small brass chain 
should be made to touch the outward. coating of 


the phial, and the other end brought over the 
stern of the boat, and hung so as to touch the 
water. The boats being then put into a trough 
of water, and pretty highly charged, they will 


soon be in motion; those that are electrified alike 


will repel each other, and those possessed of a 
- contrary electricity will be attracted, till the balls 


of the two phials approach pretty near together; 


they will then discharge their contents with a 


loud explosion, and te han will ieren sheer 
from each other.“ | 


'When the electric fluid, 8 a 1 5 
point, the stream or cone which issues from it 
seems diluted and something similar to the purple 
| electric light which is obtained in vacuo. The 

action of the electric fluid on the air, by an elec- 
oduces a sensible aura or wind of. 


trified: point, Pro 
sufficient force, as is seen above, to put light 
Ne 6 in. motion, or, disturb the flame of a candle 
and occasion an Oe in the fluids. "Tha 


3 8 
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action of the fluid is so modified by points, as to 


Se produce an agreeable sensation, resembling a 

1 gentle breathing; this sensation may be rendered 

WM more or less stimulating, by the resistance the 
3 fluid meets with in its action on our bodies, an 

5 effet which is dry, i" I advantages in 

I e ee e 5 


* 5 


3 | un. vienorson, veon THE. LUMINOUS. Ar- 
1 my + PRARANCES. OF | BLBCTRICITY, AND. "THE. 
f 1 | - ACTION, or rolnrs. ß 


=. Is TR cbserpeh, that ae of: leg as 

es - wighy from the ball is attended with the appear- 
_ ance of straight sharp sparks, with a hoarse or 
. noise. When the ball was less dun t tus 
inches in diameter, it was usually cox 


„ positive, while: the other remained in connexion 
With the earth, the positive brush or ramitied 
Spark was seen to pass from the electrified ball; 
wen the other ball was electrified and 
3 and the ball, which before had been positive, was 

CCeonnected with the ground, the electricity (pes 

5 ing the same way, a geen to Carts exhi- 
=. : bited ihe: 2 lame, or dense, "tr? 


bother, and zone of them was ended strongiy 


1 


boost flares of this ar 5 which were © very nu. : 
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. 


more 1 ak; from the 3 ball; and 
when the one ball was electrified plus, and the 
other minus, the signs of both electricities ap- 


peared. If the interval was not too great, the 
long zig-zag spark of the plus ball struck to the 


straight flame of the minus ball, usually at the 


distance of about one-third of the length: of the 
latter from its point, rendering the other two- 
thirds very bright. Sometimes, however, the 
positive spark struck the ball at a distance from 


the negative flame. These effects are e 
sented in plate 1, fig. I, 2, 3. 
Two conductors of three-quarters: af is an W 


tee with spherical ends of the same diame- 

ter, were laid parallel to each other at the distance 
of about two inches, in such a manner as that the 
ends pointed in opposite directions, and were six 
or eight inches asunder. These, which, may be 
distinguished by the letters P and M, were suc - 

dessively eleetriſied as the balls were in the last 
paragraph: When one conductor, P, was posi- 


tive, fe. 5, it exhibited the spark of that electri- 


city at its extremity, and struck the side of the 
other conductor, M. When! the last-mentioned. | 
1 negatively, fig. 4, 


conductor, M, was: clectrifie 
| the former being in its turn connected with th 
__ earthy the sparks cœased to strike as beſore, and 


the extremity. of the electrified. conductor, M. : 


Bare Mi 


Exhibited? ne; 


ative ow, and aruck the side of 


\ 
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the other conductor. And, when one conductor. 

was electrified plus, and the other minus, fig. G, 
| both signs appeared at the same time, and conti- 
| nual streams of electricity passed between the 
| 4 | extremities of each conductor to the side of the 
Y other conductor opposed to it. In each of these 
three cases, the current of electricity, on the hy- 


rage of a single fluid, passed the same way. 


In drawing the Jong spark from a ball of four 5 


inches diameter, it was found of some conse- 


quence that the stem should not be too short, 


because the vicinity of the large prime conductor 
altered the disposition of the electricity to escape; 


a set of experiments were therefore made, the 


result of which sbewed; that the disposition of 


balls to receive or emit electricity is greatest when 5 
| they stand remote from other surfaces in the ame 


tate; and that between this greatest disposition 


in any dall, whatever may be its diameter, every 
possible less degree may be obtained by withdraw 
ing the ball towards the broader or less convex 


surface, out of which its stem projects, until at 


length the ball, being wholly depressed be 


that surface, loses the disposition entirely. From 
these experiments it follows, that a variety of balls 
is unnecessary in electricity; because any small 
ball, if near the prime conductor, will be Rm 00 


Ke ton ne ball whose atem is wie n 


vn 
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From comparing some experiments, made by 
himself many years ago, with the present set, he 
considered a point as a ball of an indefinitely 
small diameter, and constructed an instrument 
consisting of a brass ball of six inches diameter, 
through the axis of which a stem, carrying a fine 
point, was screwed. When this stem is fixed in 
the prime conductor, if the ball be moved on its 
axis in either direction, it causes the fine point 
either to protrude through a small hole in its ex- 
ternal surface, or to withdraw itself; because by 
this means the ball runs along the stem. The 
disposition of the point to transmit electrioity may 
thus be made equal to that of any ball whatsoever, 
from the minutest size to th. diameter of six 

| inches. See fps 77 Ay bra tintorsfs och 5 

The action of ballet bodies: 155 been a REPO 

of discussion ever since it was first discovered; | 
and is not yet well explained. To those who 
àscribe this effect to the figure of electric atmos- 
pheres, and their disposition to fly off, it may be 
answered, that they ought first to prove their | 
existence, and then shew Why the cause which 


* 


7:2 accumulated: them does not prevent their escape; 


not to mention the difficulty of explaining the 
nature of negative atmospheres. If these be sup- 
posed to consist of electrified air, it will not be 
easy to chew KA a current of air passing near a 


— r 8 — — I's" RW Ae OAEIrns tool 1 no 
* Nl — 1 — * * * -- Ws ö * 
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= | The opinion supported by the celebrated Folta 
| * and others, that the point is the coating to an in- 
[ |  _Unitely small plate of air, does not appear better 
1 founded; for, such a plate must be broken through 
/ at a greater distance, only because higher charged; 
-whence- it would follow, that points should not 
act but at high intensities. As a proof that the 
c charge has little to do here, if a ball be presented 
to the prime conductor at the same time that a 
point proceeds from the opposite side of the ball, 
the epanieicy: will pass by the point, though it is 
obliged to go round the ball for that purpose; but 
it can hardly be doubted, that whatever charge 
obtaĩins in this case is on the surſace of the ball l 
next the conduętor, and not on the remote side to. 3 
vhich the electricity directs its course. 
Achard s experiments with a number of a 
ones screwed in a plate of metal, and likewise 
the pointed apparatus before descrihed, sbew thai 
the effect of points depends on the remoteness f „ 
7. their extretmities from the other parts of the con - 
9 ductor. 8 This leads to the following general law: . 
nn any eledin fed conductor, the trancition or e. ; 
"Ji  electrictty ꝛvill be made chuefly from thas part 
8 84 the ae ee e eee en me na- 
e al.... N „ 
Thus, in vg aha inthe ball ea ry — We 
=. ee having a communication with the rest 1 
=. - of raed OE possesses 


. 
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same intensity; but the influence of the sur- 
rounding surface of the ball diminishes its capa- 

city. This diminution is less the farther the ball 
is withdrawn, and consequently the point will 

really pqssess more electricity, and be more dis- 
posed to give it out when it is prominent than 
when depressed. The same N serves 
or negative electricity. 


The effect of a positive Abbe appears to ex- 


Na further than that of a negative; for, the 


point acts like a ball when considerably more pro- 


minent if it be positive, than it will if negative. 
This property was used some years ago for the 
construction of an instrument to en the 
two electricities. 


For the sake of concigencss many facts are 


. b over, which have presented themselves in 
the course of the experiments on the two electri- 


cities; there is, however, scarcely any experiment 


made with the positive power, which will not 


afford a result ee dane e e 


1 the negative. 


When we cunbider, 79 our 3 can 


| Ping a ball of an inch and balf diameter to act 
like a point, and that our apparatus makes a point 
act like a ball; if, at the same time, we 'remark 


5 1 | eleyation of our eee for dt 


5 Mirsdeul to Natural Philowpby, vol. ii. = 320. 
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# 


3 the extended surface of the ground, Pr 


the small size of the balls proposed by some to be 


used as terminations; the dispute, which was so 


much agitated respecting them, will perhaps be 
found to relate to a very minute circumstance, 


among the many which goyern the great opera- 
tions of nature. It does not seem probable that 

any conductor would act silently if the main 

courtze of the electricity of a negative cloud were 


to pass through it, and many would probably re- 


ceive the stroke from a positive cloud. It does 
not, however, follow from this, that . they Sight | 
55 conduobt it with cafety,* e atone „ 


1 


e Eble, ia ib ads ee of Ne ve” Ef. 
gophy, vol. ii. p. 438, has the following r remarks, "which 1 . 


think proper to be inserted here: 


The phenomena of the two e called «hs 855 
| minus, are singularly distinct i in almost every experiment 21 : 
can be made with the exhibition of electric light. Paper is a 
good substance for observing the visible passage of electricity. 
1 If a strong plus electric stream be let fall on the flat side of an 5 

f uninsulated sheet of Paper, it forms a beautiful star about fou 
inches in diameter, -ronisisting of very distinct radii not ramified. 
— The 1 minus clectricity, in circumstances perfectly similar, throws 5 

: many pointed brushes to the paper, but forms no star upon it. 
In this PLN Cas PV e with a Ae e nk 
4, inches diameter. Op : 

Henees it te Fro, that; a. | hollow bal 1 or 5 
A glass globe covered with paper, might form an amusing Part 
of the electrical comb for « S in the dark... 28 5 r. 
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CHAP. X. 


OF. THE LET DEX PHIAL, on LO 82 


Taz clperiments upon the Leyden. jar are some 
of the most interesting in electricity; they excited 
the attention of the philosopher to this subject 


more than any other experiment, and are still 


viewed with wonder and surprize. 
ExrERIMREXT CIX. Charging and dd 6 ging 
in in general. the Leyden jar. Place the brass ball of 


2 coated jar in contact with the prime conductor, 
While the outside communicates with the table; 


turn the cylinder, and the jar will in a little 


time be charged, or modify the electric fluid i in a 


peculiar manner. To discharge the j jar, or re- 


tore it to its natural state, bring one end, or one 
of the balls of the discharging rods, plate 1, Ig. 


1 and 2, in contact with the outside coating, and 
let the other be brought near the knob of the j Jar 
which communicates with the inside coating; a 

ntong explosion will take place, the electric light 


will be visible, the report voy; Jond, and no effect | 


made on the operator. . 
_Exemmment CX. The 3 iy Charge: 
the Lene Ne then touch the outside Ny 


Fi 
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with one band, und the knob with the other, the 
Jar will be discharged, and a sudden peculiar sen- 5 
min wil be e that i is called the electric .. 
—, = Shock. | A : 
1 4 The Wel, when, it is e in hk manner, 
b generally affects the wrists, elbows, and breast: 
bpwöen the shock is strong, it resembles an uni- 
veirsal blow. This peculiar sensation is n, 
owing to the two-fold and instantaneous action of 
\' the electric fluid, which enters and goes out of 
Us BOY, and the various parts through which it 
Passes, at one and the same instant. It has been 

ako ley ed, that nature has appointed a certain 
modification of the electric fluid in all terrestrial „ 
R bodies, which we violate: i in our experiments; „ 
1 1 when this violation i is small, the powers of nature 
IF operate in a gentle manner to reetify the disorder 
ve bave introduced; but, when the deviation is 
$3 | colder, the natural powers restore tlie ori- : 

al constitution wit . 


„ Tt extreme yiolenoe. 1 | 
= if Several persons join hands, and the firs „ 
10 Outside of a charged jar, and the last 
=. - - Re, 50 js A «will be discharged, and they will _ 
1 all feel thé shock at the same instant: but, tjhe 


1 | - greater the number of e hat. join e 2 

z : take a shock, the weaker R IG 1 | 
ll 1 . The force of the shock is in p nn tk Ay 1 
. ond of coated urfaces, the chinnen of the | : 


4 


it 
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Flass, and the power of the machine; or, the effect 


of the Leyden jar is increased, in proportion as 
we destroy the equilibrium on the surfaces. 

A given quantity of electricity, impelled through 
our body with a given force, produces a weaker 


sensation than twice that quantity impelled with 


half that force; and, consequently, the strength of 
the shock depends rather more on the quantity of 
fluid which passes through our body, than on the 
5 force with which it is impelled. Yet, the force of 
an explosion seems to depend more on the degree 
to which the fluid is compressed than on the 


quantity: hence a small phial fully charged will 
act wy as nne as a i jar e is half 


+ 


charge itself before it has received near the charge 
it would take if the coating was lower. If it is 
coated very low, this part of the surface may be 
" very high, but a ag: RE of he 
. is not charged at allt. 

Wben a jar is lugar very high, it will often: 
1 or discharge itself over the glass from one 
Coated surface to the other; or, if the glass is 


thin, it will make a hole through it, and swell a} i 
coating on both sides, the glass in the hole will be 


pulverized, and very often a variety of e 1 
_ proceed Tow it in various: directions. 


* 


ee 328 is pi very Sigh 4 it will dis- 5 5 
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A Leyden jar very cel recovers its e 


in a small degree, after a discharge has been made: 


-this second e is called the ann of a 


„ e . 4 


The form or size of the * is no We mate- 5 


il to the receiving of a charge. 

To avoid receiving the electric hook; be care- 
ful never to touch the top and bottom of the jar at 
the same time, and never to enter a circuit formed | 
between the inside and outside of a jar; for, the 
effect of a Leyden jar depends entirely on TN: 
reciprocal action of the two surfaces, and 3 
when either is touched separately. 
e to this observation, Jars 'of any size == 
be handled with safety. Indeed, the human frame 
makes s little resistance to the free passage of this 
subtile agent, that no other incenvenience will 
ee a shock from a common. sized Wen Jar, 
chen a transient disagreesble sensation. 

Touch the knob of a charged Jar, #0bdok will 
ensue; but the finger, or part that touches the 
Dall of the Jan, will de affected with a sharp sen- 


sation, as if it bad been pricked with a needle; 


Tus discharge is silent and without any explosion, 


- when the communication between the two ee 
E the Jar is made by imperfect conduetors. 
A charged Pbial set upon electric . 


maß be e Hold of . OO: either Tp. 


1 
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2 


the 8 or the wire; a small park only will 
proceed from either. | 


Magic picture. The magie 8 is a cated. 


Parte glass, proper to answer the purpose of the 
. Leyden experiment; over the coating on one side 


is pasted à picture, on the other side a piece of 
white paper is pasted, so as to cover the whole 
Elass; it is then put into a frame, with the picture 


uppermost, and a communication is formed from 


r side to the bottom rail of 


the tin-fail of the unde 


the frame of 95 kieaue, t a. is covered ä 


Vi tin-fall. 


Lay the picture on he able: ith hs - 


vppermost, and a piece of money on it; let a 
chain fall from the conductor to the print, turn 
the cylinder, and the plate of glass will SOON be 


charged; now take hold of the picture by the top 
rail, and let another person take hold of the bot- 


tom rail, and endeavour to take off the piece af 
money; in doing this be will receive a shock, 
| and generally i. etna 


— 
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 Glagsjs pee PRE: at all. times, on its 

urfaces, a large quantity of the electric fluid, 
0 disposed, that, if yon increase the 
quantity on one ide, the other must throw off an 


— «qual proportions: -or, when one side 1s: ON: - 
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the . must be negative. Now, as no more of 
the electric fluid can be forced on one side, than 
can go off on the other, there is no more in the 
Jar, after it is charged, than was there before; _ 
the quantity is neither increased or lessened on 
the whole, though a change may be made in it? 
place and situation; i. e. we may throw an addi- 
tional quantity on one of its sides, if at the aame 
dime an equal quantity can escape from the other, 
and not otherwise. This change is effected by 
| Hnivg parts of its two surfaces with a non-electric; 
through the mediation of which, we are enabled 
to convey the electrie fire to every physical point 
of the surface we propose to charge, where it 
exerts its activity in repelling the electric parti- 
cles naturally belonging to the other side; all of 
which have an opportunity of escaping by [the 
lining" in contact with this surface, which for that 
purpose must communicate with the earth: when 
the whole quantity belonging to this surface has 
been discharged, in consequence of an equal = 
quantity thrown upon. the other surface, the jar * 
Charged as much as it can possibly be. The two Dl = 
- | Surfaces are at this time in a state of violence; eee . 
inner, or positive side, strongly disposed to part 5 
with its additional fire, and the outer, or negative „ 
side, equally desirous to attract what it has lost; 
bus neither of them capable of having a change in | 
its state effected, en the 18 and e e 
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* participation of the other. Wb be 
the vicinity of these two surfaces, and the strong 


þ disposition of the electric fluid contained in one 


of them to communicate its Superabundance to 
the other, and of that to receiye It, yet there is an 


- impenetrable barrier between them; for, SO imper- 
meable is glass to the electric fluid, though it 


5 permits one side of it to act upon the other, that 


4 


1 


its two surfaces remain in this state of contrariety, 
till a communication is formed between them ab 
extra, by a proper conductor, when the equili- 
brium is suddenly and violently restored, and the 


electric fluid recovers its original state of equality 
on 55 two e of the San, | 


* 


THE LEYDEN JAR consiDbEREB IN A Dir : 
| | FERENT POINT oF VIEW. TE 


| We have aha hw Hine i a quan- 
tity of the electric fluid is brought within a cer- 


tain distance of the surface of any body, whether _ b 


metal, wood, or glass, it will always produce on 


| | that body a contrary electricity; and this more 
readily and permanently, when the ech has a 


communication with the earth. „ 
The equilibrium will not be 1 80 long as 


the power continues of the same force, and acting 


at the same distance; but, the nearer this power 


is brought to the Surface, the greater is the effect 
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it will in” It bas ala bern sbewn, that the 
electric fluid will communicate these powers 
through glass, nearly as well as through air. | 
lh Nou, as glass resists the passage of the fluid 

more than wood or metal, the fluid will be longer 


" passing through a given length of glass, than 7 


through the same length of wood or metal. 

But, by means of the metallic coating on one 
side of the glass, the electric fluid is placed in the 
most advantageous situation for produeing a strong 
and uniform action on the contrary side, on which 
the resistance is lessened with as great advantages 
by the other metallic coating, which is connected 
with the earth; and this contrariety will continue 
till the equilibrium is restored by connecting the 
6 ea side with a conductor. | 

When an electric is excited, the two opener 
are said to be separated: they are also known to 
3 their own particles, and attract the contrary. 
When one side 'of a jar is made positive, may it 
not repel the itive electricity from the other | 
side, separating it from the N Which is 
N attracted through the glass? . 

The outside of the jar cannot then be JE to 
be deprived of its electricity, but only bas its fluid 
changed; and when the fluids are > 5d On: f 


are n I to conjoin . 


oP 15 * . Ears Philosophical 8 iure Short View of 
— 3 and pats Observations on . „„ 
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COMBINED APPARATUS. 


| The; 3 ee at FA 3, 18. 49, will 


be found exceedingly convenient ſor making a va- 


riety of experiments on the Leyden jar. I have 


endeavoured to combing the parts of it in such a 
manner, as to render the apparatus extensivel y 


useful, without being complicated. A is an in- 


ulated pillar of glass, which is serewed to the 
wooden foot, B: all the different parts of the ap- 


paratus may be screwed alternately on this pillar. 


OD is an exhausted tube of glass, capped at 


cach end with brass; at the end, P, is a valve, 
properly secured under the brass plate; a brass 


wire, with a ball, prejeets from the upper cap; a 
pointed wire proceeds from the bottom plate; this 
tube is called the luminous conductor, The flask 


represented at E, is called the Leyden vacuum. 


It is furnished with a valve under the ball, E; this 


ball unscrews, in order to come more readily at 


the valve: a. wire with a blunt end projects a little 


below the neck of the flask; the bottom of the 


flask is coated with tin-foil; a female screw is 


the pillar A. 


P is a ayrioge Pb Sk <a air. non | 
either from the luminous conductor, or the Leyden 
vacuum. To do this, unscrew the ball, E, of the 


— 


to the: tend. in ales to geren it on £ 
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Leyden vacuum, or the plate, c d, of the luminous 


conductor, and then screw the syringe in the 
place of either of these pieces, being careful that 


5 the bottom of the female screw, G, bears close 


against the leather which covers the shoulders, 
then work the syringe, and in a few minutes 
the glasses will be sufficiently exhausted. H and 


I are two Leyden jars, each of which has a female 


screw fitted to the bottom, in order that they may 
be conveniently screwed on the pillar, A. The 
jar, H, is furnished with a brass belt, that it may 
screw sideways on the pillar, A. K and L are two 
small wires, which are to screw occasionally into 


either the ball E, the knobs of the jars, e or f, the 


cap C, or the socket g, on the top of the pillar: the 
balls may be unscrewed from these wires, which 1 
will then exhibit a blunt point. Mis a wooden ta- 
dle to be POP on the Keg pt „ 


" EXPERIMENTS 9 cnancinc AND DISCHARG- 
ING. THE. ren PHIAL, INTENDED 0 
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ExrknIExT xf. To dis; that np ve 
8 goes off on one side, it can receive none on the 
other. Screw a Leyden phial, whose coating is 
free from points, upon an insulated stand, and 
Ly arg it 60 that is knob may be in * with 
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the conductor, taking care that no conducting 
substance is near the coating of the jar; turn the 
cylinder round a sufficient number of times to 
charge the phial, then examine it with a dis- 
charging rod, and you will find it had received 
no charge; which sbews clearly, that except the 
_ electric fluid can escape from one side of the jar, 
it can receire none on the other. If there are any 
points on the coating, or damp on the stand, the 
fluid will be carried off by them, and the jar will 
receive a small charge. The air which surrounds 
the coating will also sometimes carry off a HOO 
5 a of electricity. | 
EXPERIMENT cxII. W the « same a 
5 pbiel so that its knob may be about half an inch 
from the conductor, and while the cylinder is 
turning, hold a brass knob near the coating of the 
jar; this knob will receive a spark from the coat- _ 
ing for every one that passes between the conduc- 
tor and the knob, and the jar will in a little time 
be charged, by adding electricity to one side and 
: abe it away from the other. . 
| ExpERINENT oxIII. Screw the phial, a, plate 
4 fig. 42, on the insulated pillar d, and bring its 
1 knob i in contact with the conductor; hold another 
jar, e, of the same size with a, so that its knob 
may be in contact with the outside coating of the 
jar, a; turn the cylinder, and when the jar, a, is 
charged, place c on the table, then .unscrew a 


1 
Fr 
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from its stand, and place it also on the table, but 
at some distance from the other; fit a brass ball 
to the bottom stem of the quadrant electrometer, 
5 and hold the clectrometer by a silken string, so 
observe at what height the index of the electro- 
meter stands, and then remove it to the other jar, 
which will raise the index to the same height; 
shewing clearly, that the; jar has thrown off from 
the outside as en e as it ne on 


the inside. 
E EXPERIMENT XIV. als a by the' action . 
=. of the two powers. Place the knob of an insulated' 
Irr in contact with a positive conductor, and con- 


nect the outer coating with the cushion or 5 
negative conductor; turn the eylinder, and the 
jar will be charged with its own electricity, the 
fluid from the exterior eoating being transferred 
to the interior one. The jar is charged in this 
EE instance without 20. communication. FO: the 
= ---- „ e Charge the two "ery PAY 
= 43, positively; .connect their outside coatings by 
_ wire or chain, then bring their knobs together; 
there will be no spark between them, and the jars | 
vil not be discharged, because neither 1 wo. 
=o 18 thing to communicate to the other, . 
Eo - ExpariMenr exvi Eaplosion ak 9 
. . — the e Jar, Ne. 43, _— Nos 


1 bn. POANKEIN'S THEORY, 235 | 


the other positively: conneet the coating by a 
chain, and bring the knobs towards each other, 
an explosion will take place, and the jars will be 
discharged. If a lighted candle is placed between 
the knobs, the explosion will be made through 
the flame in a beautiful manner, "ay at some 
inches distance. See fg. 44. 7 
 ExyERIMENT Cxvir. Discharge ws 1. con- 
65 power. - Fix a quadrant electrometer to the 
ball of a Leyden jar, and charge it negatively; 
when it has received a full charge, the index will 
stand at 90 degrees; then place the jar with its 
cleetrometer at the positive conductor; turn the 
| cylinder, the electrometer will descend, and the 
jar will be discharged by the contrary electricity. 
E xTERIMRNT XVIII. Insulate two Leyden 
jars; let their coatings be in contact, and while 
you charge the inside of one positively, let a 
person standing on the floor touch the top of the 
other with ow Auger, and it 1 be Kerns cial ne- 
"ROY: Mg | 
. - ExvpERIMENT XIX. LM, fe: 45, repre- 
sents a Leyden jar, which is furnished with move- 
| N eoatings of tin; the inner one, N, may be 
remove by the silken strings f, 8 by JIN 
be taken from its outer coating. 


Charge the jar, and then remove ahi dostinga, El. 
bring a pair of pith balls towards the jar, and ene 7 


will be strongly attracted by it; replace the c- Ne 
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1 and the jar will give a considerable 3 


Which shews, that the power or force of the charge 


is resident in the glass, and not in the coatings. 
EXT ERINMENT xx. Spotted jar, T V, Ag. 40, 
represents a jar, whose exterior coating is formed 
of small pieces of tin- foil, placed at a small dis- 
tance from each other. Charge this jar in the 
usual manner, and strong sparks of electricity will 
pass from one spot of tin-foil to the other in a 
variety of directions; the separation of the tin- foil 
making the passage of the fluid from the outside 
to the table, in a darkened room, beautifully visi- 
ble. Discharge this jar, by bringing a pointed 
wire gradually near the knob T, and the interval 
between the spots will be pleasingly illuminated, 
and the noise will resemble that of small fired 
crackers. If the jar is discharged suddenly, the 


= whole outside surface es een ene The 


glass must be very dry. e 
- EXPERIMENT I. | "Sts a 3 of, ak 


on a silken string, leaving a small space between 


each of them; suspend this from the conductor, 


170 5 85 80 that it may reach the bottom of a coated jar, 


which is placed on an insulated stand; connect 
another string of shot to the bottom of the jar, 
and let it communicate with the table; turn the 
machine, and a vivid spark will be seen between 
each of the shot, both within and without the 5 Jar, 
28 1 90 f fire yoo 8 the glow. EN 


* 


Ne, two Le, 
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Expraiiunt oxxII. Hold a jar which has no 


| _ coating on the outside in the hand, and present 
its knob towards an electrified conductor; the 
| fire, while it is charging, will pass from the out- 


side to the hand, in a pleasing manner; on the 


discharge, beautiful ramifications will proceed 
from that knob of the neee which | is on ARS = 


outside, all over the j Jar. 

 ExpeRIMENT cxRXxIII. Let a in be sus- 
pended from the conductor and pass into an un- 
coated jar, 80 that it does not touch the bottom; 
put the machine in action, and the chain will 
move round in order, as it were, to lay the fire 
on Song? inside N 55 1 ane" _ 1 it "oy 


1 oxxiv. Double; jur. 2 47 re- 


other. Various experiments may be made with 


this double jar, which are very ken n elu- 


cidate clearly the received henry eee RRRY >, 
Bring the outside coating of the jar, yy in con- 
tact with the prime conductor, and turn the ma- 


> chine till the jar 16 charged; khen place one ball 
ol the discharging rod upon the coating of B, and 


with the other touch the knob of the j Jar A, Wbieb 
will cause an explosion. Now place one ball of 
the discharger on the knob of A, and bring the 
7 ball to bs on aa * have a N 


i 


den jars, placed one over the 
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chere Ai,; apply one ball of the. . 
charger on the coating of B, and carry the other 


0 the coating of A, and it will produce a third 


explosion. A fourth is obtained by 8 the 
dpcharger from the coating of A to its knob. _ 
be outer coating of the upper jar communi- 


eating with the inside of the under one, con 
the fluid from the conductor to the large zar, 1 


which is therefore, charged positively; the upper 


jar does not charge, because the inside cannot 
pauart with any of its electric fluid; but, when a 
dommunication is formed from the outside . 
to the inside of B, part of the fire on the inside of 
ed to the negative coating of B, 
and the jar will be discharged. The second ex- 
plosion is occasioned by the discharge of the jar 
A; but, as the outside of this communicates, by 
conducting substances, with the positive inside of 


A will be conye 


the jar B, if the ball of the discharging rod re⸗ 


mains a small time;after the discharge on the knob 


of A, part of che tire of the inside of A will es- 


following pleasing variations of the fore- 


* + . j 


: going; experiment were eee ne. wad 
: 2 a A T3; | TI $1 


cape, and be replaced by an equal quantity on 
the outside from dhe zer By by which means A is 
charged a second time; the discharge of this pro- 


ol _"_ the third; and of B, the-fourth explosion. 


OY 


EP 
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A the upper jar, B the under jar. 
' Knob of A applied + to "inp e and 1 


charge given. 
Ist eee Balls of A ae — 


of A to knob of A. | 
2d ditto. From coating of B to knob of A. 
zd ditto. | From coating of B to coating of A. 


Ath ditto. From coating of A to knob of A. 


Coating of A applied to the conductor, and the 
charge given. 
Ist ee N Balls of Pt from contin 8 


; of knob Btoknob A. | 
” 2d ditto. 1 From coating c of A to knob of A. 
3d ditto. From coating of B to knob of A. 


| Ath ditto. © From coating of B to coating of A. 
Sth ditto. 5 From coating of A to knob of A. 


Coating of A applied to the oonductor, and my 
charge given; touch the knob of A with one ball 
of the discharger, the other ball eee 
with the earth; then proceed as follows: N v7 
Ist „ Balls of discharger Oe: coming 

VE to knob of A. ws 
* PRE EH From coating'of B n . 
ad ditto. From coating of A to knob of A. 
aAth Gt. Prom coating of Bto nene 


Go on [thus alternately, and fſtorn, sixteen, or 
more disebarges my, be er nd g ah 85 


þ - 
EE 
? ot. 
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nE CONTRARY STATE OF THE TWO OPPOSITH 
SIDES OF A CHARGED LEYDEN JAR, SHEWN 
oe THEIR RESPECTIVE ATTRACTIVE AND, 
\REPULSIVE yOWBRS. | . | 


* 


5 eee err ey; the 1 a, . 
49, with the belt sideways, on. the insulating 
stand, as in „g. 48, and charge 1 it positively, then 
touch the knob with a pair of pith balls, these 

8 will diverge with positive electricity; hold another 
= "pair to the coating, and DE, will MORE” mar 

{> negative electricity. | Ti 
5 ExERIMENT X XVII Electr two pair * 

the pith balls which are fixed to the brass tubes, as 

in plate, fg. 9% by the Enob of a positively 
charged jar, and place them at à small distance 

lem each other; then push tem together till the | 

dens of the tubes are in contact, and the balls will 
__-_ © remain in the samo tate they were in before they 5 

were brought together, because their electricity is 15 

dot the same kind! The result is the same if bot - 

= pair are electrified bythe'coating; but, if one pair 
18 electriffed by the coating, and the other by the 


uod, When they are dae in contact, wy =: 
CP J 
5 OR Nr exx vil, PE oor - ball, or an _ 
= . artificial spider made of burnt cork with legs of . 
5 ligen thread, Evans by silk, will play between N 
„ 
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: th c knobs. of. yo. Jars, one of. which is chmod 
f positively,, the other negatively, and will in a 
little time discharge „ 
Ex TMNT xx VIII. "A ball Wee on 

; * * and placed between two brass balls, one 
proceeding. from, the outside, the other from the 


inside of a Leyden, jar, when the Jar, is charged, : 


„ %h# 


conveying the fire from, the meide to the outside 85 
_ of the jar, will soon discharge 1 | 
\, 1 ExPRRIMENT, exxIX. An insulated cork ball, 
- after having. received a spark, will not play be- 
tween, but be, equally. repelled by two Jars which 

are charged with the same power. 

\ExX2ERIMENT, oxxx. At plate 3, fig. 58, a wire 

is fixed to the under part of the insulated coated 
Jar; be,. another wire fitted to, and at right 
angles with the former, à brass fly i is placed, on 

the point of this wire; charge the j jar, and all ths 
time the jar is charging, the fly will turn, round; . 
when the jar is charged, the needle stops. Touch : 

the top of the jar. with a finger, or any other 
; condueting substance, and the fly will turn again 
till the jar is discharged. The fly will clectiify a 
- pair of balls positively while the Þr wglarging, g 
: dhe negatively, when discharging 


'ExSS81KENT OXXXT. | Mace clean, es and 
= Excited pane of glass, about one foot square, on 
; : Ye ns Sulated | box. with pith balls; it will cause the 

e ost e electric er 


. 5, 1 


e enn rt, 


AI © Situ to repel teh Ye Lars four 
== hours i in ary Air. When the balls <brhe/ togethe 
remove the glass, and they will open with nega- T 
3 the Ute Ectricity; Feplace the glass, and they will © 

| 3 remove it, and they y will open! again; and 
is Alteroalely, as g's _ eledtricity . 

mr 2 the glass. e et 5 
= „ IK. the pane of Ot be Plabed in ankle or _ 
$ bd, and a light pith or 601 ball be laid on its | 
= * on presenting towards it the end of 2 
mie nger, or the p point of a pin, the ball will recede 
= Fw We vid a very brisk motion, and may 
cos be driven about niche sürbe of the hs, 
=. like a feather in the Air r, by an Etcited tube. The 

= ba all being debe of its electric by de pin, : Za 
_—_: 7 sta flies to "hat. 75 of the grade which ; > 
=” — | aftracts | it Hake föfeibfy. e e ET 24 cs; ON | 
-  "To-excite the pai be of git, Aby lt u ipon A re 1 
3 ae er, well dried; and bet rab Wich ana 


1 "i N. 4 — * 4 

1 4 3 fy. X11 Te ; IL © ee n . 15 8 22407 2. a \ 

4 * 2 a; : x: * N e * Tb 65 gh Pr IDS? . 
. e N Hann et . 


3 5 . ants RES Te 1 44th 44 dd 1 7 g f 

eee en , . Au 4 1 i, hi A Jn 992. ener 

ens CONTRARY: STATES 0. S.THE.DIFVBRENT - | 

1 = 4 . . stosse or II 55 "TAB, AND; THE DIRHC- | | & 
8 TION ar uE BLEGTRIC. FIVID,.IN,, THE 4 
CHARGE, AND: DISCHARGE. Anf BOE, uns- 5 
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= [/1TIGATRD. | BY. THE (RAE: ox HE | 

EE: 4 ernie biehr. 7: 218 JS. Jar bgifors 2 
3 2 Rr 89 A te 1115 1 : = . 
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7 Amed ia axiterien.of the-diecotion ak the electric 
fluid; that the luminous star shews a point in 
receiving the electric matter, whilst the luminous 
brush or ee ee n it is e n 
ee, „% Ü e147 25 
| We hall now examine abe of the arm 
1 — jar by these appearances. - 
. EER TENTT CXXK II. Screw the jar, I, un 
the insulating pillar, and the pointed wire into 
the hole g, plade another pointed wire at the end 
of the iaonduotor bring the knob; of the jar near 


this wire, and then turn the cylinder, a pencil of 


mays will alivorge from the pointed wire in the 
1 the jar, at the same time 
ther penail of cays:will diverge from the NEE 

at 2 bottom into the air. Seeyfig. 50. 
Repeat ihis experiment with the negative con- 


: thor; cand a ee en appear on the” 


cend-ofieach-wire, - Xt e 08. efron 


37 „ Screw s pointed wire 
intoothe knob of the jar, see g. 51, churge the 
Jan i positively, the fire will be receiveif from the 

— by-the pointetl wire, and appear there 
5 , while the wire on the outside 


755 = 


Vasa uminous 
15 ons the jar will throw off a diverging cone. 


Fe Hiss represents the foregoing. a EH RE 
[oO d, by e an 72 7 e at Fe En 
. e e Bite , e 


22 


* 
* 


8 
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This experiment may be further varied, 85 * 
N the jar to a negative conductor. 0 
ExrERINMENT CxXxIV. After OE: jar- is 


charged, as in the foregoing experiments, turn 


that wire from the cylinder which before was 


nearest to it, then put the machine in action; and 
the afflux and efflux will be more apparent than 
before; one point throwing off, and the other 
receiving the fluid with extreme ridity, uy 


| ha in alittle time discharge the jr. 


- EXPERIMENT'CXXXV.''' Charge e 50 
180 then touch the wire which is connected with 


the negative side, and the opposite wire will 


throw off a diverging cone; but if the positive 
sicde 3 is touched, a lominous cone will only be seen 
on the other wire 1 antes e TT. 
— exxxT1or Hg 59 is e 
Jar; BB, the tin · ſoil coating ;" C, a stand which 
ere the jar; D, a socket of metal which 
ries the gless rod, E; a curved metallic wire, 


pointed at each end,; is fixed to the end of the 


tod G, which ro is moveable at pleasure in 2 


* 


_ N; that tube being fixed by a socket 


"upon: the top of the glass rod E, the charging wire 
communicates with the different divisions 1 * 
_ inside coating of the jar by horizontal wires. 

Place the jar as usual, and put the ne "FR 
| artion a re luminous Rae mel TO 


. 1 AL \ =. 8 cx.” > * 08. A d : 7 
ng WE ð1̃ 2p AT e |; LS OT 
*”. 8 2 % + > : S p 
1 2 - 4 
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the upper point of the wire F, a plain cath 
that the point is then receiving electricity from 

the upper ring of the coating on the outside of che 
jar; a fine stream or pencil of rays will at the same 
time fly off, beautifully diverging from the lower 


point of the wire, F, upon the bottom ring of the 
coating on the jar; when these appearances cease, 


Which they will as soon as the jar is charged, let a 


pointed wire be presented towards the prime con- 


duotor, this will soon discharge the jar silently, 
: during which the lower point will be illuminated 
with a small spark, while the upper point of the 
wire will throw off a pencil of rays, hs to- 
un che upper ring of the COBB: mw 


. 


5 the Neck. of which 3 78 be very + Kaif set . 
the coating on the conductor, and charge it nega- 


tively; When charge ed, if not too dry, the upper 
edge of the coating. will throw off one or more 
| brushes of light into the air, Which Will visibly 


Wan towards the charging wire of the jar, and | 


5 .actus ly reach it. Present the knob 
a eee conductor, and charge the jar posi- 

- tixely 17 small spark of light will first appear on 
the edge of the gcork in the neck of the bottle 

- through which, the wire. 238568, aſter a few. turns 


IRE 


"wp 


i dee een becomes a brush, dart- | 


4 4 Y 
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till it Shu an arch, the end of it extending | 
downwards till it reaches and touches the end of 
de conting. If the Jar be dry, it will in bock, 


de Gxcharged Pont cou: Ses ff. 84 


4 


| and 55. Mü e ouiiouood - Bow. ay 
| ExpERIMENT. exxxVIII. An insulated posi- 
del) charged jar will give a spark from its k nob 
to an excited stick at. wax, while no I: 
pour between it and an excited glass tube 
one e ex XXIX. An andlysis of . Tags 

den ar, by means of the Le; en valium, E, Bg. 49. 
ee this on the insulated stand, with "the 
painted wire from the bottom. Fig. 56 
sents the appearance of the fluid on the points 

u ben the jar is charged negatively, at att f conductor 
loaded with positive electricity.” ale "5 

I 2 57, che appearnuces it displays 8 
. rging en ae nat bee e 
8 — 59, plate 4, js the same e. 
- _ © _  Mitively at a negstive condüctor! Fig. 60, it "is 
5 7 negatiyely at the same conductor. 
pn, eee cr. Nen bee eee 
ſittihe knob of an tw rae? 8 2 contact with the 
ball, or hang a chain fföm it to che table; ud on 
— working the machine, the ball will be envelope 
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| brought. i in contact, with an ingulated rubber, and 
4 communication is made from the pall to the | 
table, the atmosphere will be on the point in the 
tube. If a jar Positively charged be present ted, 
the appearances in the tube will be as delineated 
- 28 n fg. 62, But, it a Jar negatiyely charged- be 
_ thus applied, the appearance will be as in fig. 61. 
{+ Fhis tube, when, mounted on its insulating 
and, may | be used instead of the. prime conduc- 
tor, and all the common experiments may be per- 
formed. with it. Ihe tube will be. [Jing 
ing 5 be whale 5 waer 1 . 


* F - FX. 9 
. 8&4 X54 


a ee: 65 THE arc MAT 
„ren kur DISCHARGE e or nE LEYDES | 
RE en Rab e p2s 


10 
5 
71415 #3 2 * Jet „ at OA 7 72 SY > 3 : 4 85 


eee Toes: A ETA Jar on | 
a small glass stand under the reggiyer. of an air- 
pump: as the receiver is exhaugting, -the-glectric 
ſſire will issue from the wire of the jar, in a very 
luminous peneil of N an and continug flashing to. 
| the;opating- till che air is exhausted, when the jar 8 
5 will be found: to he fligebarged. ©3987: £94134 
I the her is charged negatively, the current of 1 
ſire will appear tg have a different diraction: from 
that Whinh it had nnd f M „ 
From this eperisent v may ins the le | 
al the atmaypherio: preszure upon the charge of 


Op I . os IF 


. 
Wee 
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the Leyden jar, and learning that it is Gee 8 
3 boundary to every charge of electricity e can 
. | give; and, consequently. that a jar would con- . 
1 h double the charge, in air doubly condensed, 
8 - as it does in the common atmosphere, since it 
=_ would i increase the 1 of uy electric emos. | 
| 1 a JO: Fs 5 da 7 
= | ExprRIMENT cxIII. 5 Place” a Abd 1 glited 
| taper. between the two balls of the velvet dis- 
| charger, then pass a very small charge of A pol 
tive jar through them, and the flame of the taper 
_ will be attracted in the Giro an the fluid 0 
_— __ the coating. See hg. 03 %%% on i 
Of  ExpP8RIMENT/OXLIN.! ee chargs 
=. from a negative jar will reverse the appearanc 
In both these experiments it is neceary, to law + 
1 the least charge that can be given, just aeg 
1 | 40 len we interrupt 5 


A 2 5 wn 
* 92 EI 9 * 


; tion in the eireu it,. . | 
= , ExrEAITEAT oxuiy.' Place a card ne 
_ ©  - table of the universal dizcharger; and bring one f 
1 .. the points hw nn ns then conneet this _ 1 
5 with the coating of 's jar positiyely charged; "places ff 

mme other point on the top of the card,: 9 
about an inch and an half ſrom the former ro w- 


| 


{complete the cireuit by bringing a discharging 5 


en from the lat wire to the top of a gur, and the 

85 " electricity will pass through the upper wire, along 5 
8 the surface of the card, till it comes to the point 
VP hich is underneath, where it will make a hale in 


” * * 2 9 
1 ww" 8 " . * : OW 3 N 5 * N ? 
7 8 2 - mw 2 ; S 7 A VE 
? . 1 2 4 * LO 8 : 
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; hes wk; and pass Soong the wire to the coating 
ef the) Jar.“ See fg. 04 $4 yet trr 2g 
EXPERIMENT. cxLv. jk Res balls, A, B, 
© D, being placed at equal distances from each 
other, from the-balls of the discharging rod, and 


from the coating of a positively charged jar; on 


making the discharge, the ball A next the rod 


was repelled to B, which was again repelled to C, 
C remained, immoveable, and =" Ts to Ae, 
ing of the jar. CTCTCGG0T0TbC 6 


-- DxXPERINENT RA ee dae . 


both sides with einnabar about the breadth of the 
finger, fix this card vertically by a little wax on 
the table of the universal discharger, let the 


a pointed end of one of the wires touch one side f 


the card, and the end of the other wire the oppo- 
site side; the distance of the points from each 
other must be proportioned to the strength of the 


_ charge: discharge a jar through the wires, and 


the black mark left by the explosion on the co- 


loured band, shews that the eleotrio fluid passed 


from the wire communicating with the inside of 


che eee, that which communicates: with the out- 


against vhich it ma 
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Y RES gνjz? ah OF 93/4 $33 93 3 c 
0 5 BXPERIMENTS | WATCH sREM To! enn 
A AGA INST THE RRC EI VEB don enten 'BLEC- 


; KEE nt Knef. Ra 1 1 5 + 2 1 Anis oy 1 
8 1 pat es Weiten 1100117 "ny 3 alin; itt mort - T 


Ft 
; 

11 "Bs 1 
; 


Bx NT EVI Let the surſacces 1 an : 

AZectrio plate be iveryslightly. obarged and insu- „ 
= lated; let an interrupted circuit be foringd, the | 

wo power will be visähle, illuminating the points 

| pol the interrupted circuits, and each power wil 


w ppear to extend further. from the surſaee gonti- 
” _ guous to it; the stronger the charge that is m 
muniocated to the plate; but, if the illumination 
= on each side meet, there will. immediately. follow —}_ 
= an enplogion of the whole charge. The length of | : 
we nnterropted circuit used or this exper 2 
was twelve et n orlgs ofa lnt hols 5 
Br ex,yin,/»If.apylindrica-plate | 1 
dofaitz contained in the receiver of an air-h¹jEjnl | 

EIS "ns rd „ 

eacily — 3 — Sn e wan my | 

os ckkix, If an 8 
cCeiver be made part of the electric! cirenit, Wd. : 

mme charge should not be sufficient to cause an 4 
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in an en direbtion from the gerts ommusi- 
eating with the negative and positive surfaces. 
© DxPERIMENT' e Let a coated zer beet oa 0 

an insulating stand, and let its ænob een 
by the knob of another jar negatively electrified; | 
a small spark will be seen between them, and 
both sides of the mah en, be nee, ne- 
3 electrified.* - 2 {ks CC 
Fasten a pith e eee alittle va. 

to abs outside coating of a jar, charge the jar 
slightly with positive electricity, and set it om an 
insulated stand, the ball will either not (diverge, 
or only a very little; bring the knob of a jar, 
vhieb is strongly charged with positive electricity, 
near the knob of the former, and the balls Will 
ee e eleetrioit rx 
ExPRRINMRNY OI. Let the game jar; with the 
pity balls affixed to its outside coating, be slightly 
charged negatively; and then insulated, hring the 
| knob'/of a jar, which is strongly electriſied nega- 
tively, to that of the insulated ones the pith 
balls will diverge with negative electricity: 


EMT EIHINT OTT. Charge a jar podtvey, 


aud then insulate it; charge another strongly With 
negatiye eleetricity, 'bripg the knob of — - 
tive jut near that of the positive one, and a thread 
ns 1 __ them; "ROY ben 988 . 
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touch dd other the thaeads, iaſter 1 at- 


tracted, will be repelled by both. The negative 
electricity is some how superindueed on the posi- 
tive, and for a- few; minutes after they are sepa- 


rated, both will appear negatively electrified;! but 
if the finger is brought near the knob of that jar 
on which the negative electricity was superin- 


ve it will instantly be dissipated, a small 
spark will strike the finger, 0 1p n be | 


ne an . 
4 2 2 a 


3 4. fs contain. 15 4 great deal 


E #lectri 


for it is not easy to conceive, that any sub- 


eunhes can be full of a fluid, and yer impermeable 


ly When a vonsiderable quantity of 


ee e at will be the charzer 45 8 K „ 


- : 


n one side and; added; tothe 
other: and, what is more surprizing, eee . 
the glas, Inde the less quantity it is capable of 

containing, the more we are able to 755 into dt, 
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The following, among other experiments, has 5 
* adduced as a strong argument i in favour of 
the impermeability of glass. Let a coated jar be 
set upon an insulated stand, and the knob of 
another coated jar be brought near it; for every 
Spark discharged from the prime conductor to the 
knob of the first jar, a spark will pass from the 

coating of the first to the knob of the second 
now, a common observer generally imagines that 
the fire runs through the glass; Dr. Franklin con- 
15 Pa Can because there is found a great 

accumulation of electricity on the inside of the jar, 
which manifests itself when the inside and outside 
are made to communicate with each other. But, 
we cannot from this and similar experiments con- 

_clade that glass is impermeable, except we sup- 
pose the electric: matter to be accumulated on one 
side of the glass, and deficient on the other; buʒt 
this has never yet been proved: it has indeed been 
aid, that if glass were permeable to this fluid: it 
could never be charged: but this rests wholly on 
the: an gat = there i is an accumulation of 2D 


5  ficieney-in- ee eee, negatively. 60. 8 = 
Mr. Milton, to prove the per 
took a.very dee 2 of d « like warmed, | 
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© - ' apponite edge rested upon war, he rubbed the 
middle quit of the surfabe with his finger, and 
dound both sides elegtrifiod plus? he accounted for 
© this from the electrie fluid passing through the 
from his dete e i 


1 | de ocher, which stands as an atmozphere, 80 hae 
=. "oy can AY Fi ANgpT Mr. Wil- 
* 5 r » Heving | 
;:he rubbed it on one rides bn 


fluid in one side being 
that on the other, he says, retores 

inward. . But into what does it retire? If into 
- the substance of the 
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5 De: Bronkils, in aer of the first volume 
bK bis- experiments and observations, asserta; that 


the natural quantity of electric fluid in glass can- 5 


not be ineremsed or decreased; and, that it is 
impossi ssible to add any to one surface of a plate or 
Jar, unless an equul quantity be at the same time 
geen r amilr other surſaoe. This error has 


| Sthels, byte dae Mr. Henley, who, in one of his 
N18. Papers printed in che Philosophical Transac- 
tions ſor the yelr' 1777, has the following words: 
e Aecbrdiag 15 Dr. Frauli hoc, de me 
quantity of electric matter which is thrown upon 
bone 6 che surfaces of glass, in the operation of 
Y churtzing it, c at the same time repelled or driven 
dau Hol the other surface; and ithus one of the 
Stiles Becomes charged plus, che other inn., 
_ and that this is really "on; is, 'T-4bitnk;' uatis- 


»” Ys 8 7 Fes 5 15 = bh. 
_ factbiily-proved,” C WW. 


5 5 a eee adopted the ame 'opinion, 


saying We eee REY! fire cannot be 
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; 1 Wisschuded htp one surſace,:but; in as much, al as 
ut _ equal oo! of natural fire can di be | 


* axzertions a are, 1 apprebend, Seals ly con- 


IA : 3 we | 10 what- really happens; | instead of which, 
1 beliere, we may safely assert, that glass, and 
5 e, may haye its natu- 


| limited degree; Which 


FEES 


_ a ter contained in a body, but 4 is, ceteris par, 
=. Proportion to the extent of ita surface. 
T This law, Which, is perhaps dba 
=o maybe considered as one of the fundamental la 

„ "electricity, and one upon which. many of is 
| al phenomena depend. eee eee 
dae condder ure bur 0. it is de of what 
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EY 5 weg wel « 5 ar ward, and, conn 
1 5 eee ee me is added to the natural 
3 | quiantizy(belonging;1a e inner qurface- of che jar, © 
Aſter which, if the finger, or any | 
ing aubstance, b e presented to the onter gos 
Wo the.jar, a guantity of electric; fluid, eee 
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0: the mac be put in action, 1 
* of eleetrie fluid, agreeable. —M | 


Tt to that thrown in, comes from its But, this de- 
5 Iz  parture of, 4b 1 ri fluid ſrom the. outside of , 


5. 5 
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. the jar, cannot be; as Dr. Franklin supposes it, 23 
the cause which permits the addition of fluid to 4 


1 the inside, but is merely the consequence of thge | 4 


> instead of taking the electric fluid from the out- 
side of the jar, take out again, by. touching the 
knob, nearly the whole, of what he had thrown in, 


number of the quantities allowed by the fore- 


TY nation of small quantities; this, however, will a: 
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; already gone from the outside of the jar. When 


a similar quantity may again be taken from the ; 


supposed. it will not, I, think, be disputed that 


on ene in which the: het is 1 8 1 Y 


action of that superfluous quantity which was 
thrown in; and the operator may, if he pleases, „ 


which he could not do, if an equal quantity bad 


the quantity already spoken of has been taken : 0 1 ; 


from the outside of the jar, the equilibrium being „ 
nearly restored, another quantity like the first may WL 


again be added to the inner surface; aſter which 1 
outside; thus, by the succession of a sufficient 


mentioned law, the jar may at 1 ne, A 
pletely charged. e 5 
There are other ways of hes 5 ins, | 
but: if it be allowed that the charge, in the fore- 
going instance, is produced in thꝭ manner I have 


all other charges are produced by a similar alter- 


more clear from the following observations 1 153 


ö \ 
. 


charge of a jar or battery moves through a con- 
| siderable space is considered, it may at first ap- 
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When the astonishing velocity with which: the 


bear impossible, that the discharge should be 
made by the alternate giving and receiving such 1 
small quantities as those by which the charge was 
produced: yet, a more ample consideration of the 
matter will, I think, shew that it cannot e 


be brought about any other way, 


I presume it will be granted, char the Gbps or 
3 in discharging, either leaves it all at once, 
or goes out in the same small quantities by which 
it went in. To suppose any intermediate manner, 5 1 


would neither lessen the difficulty, nor would _ 'F 


it be contonant to mw of the known laws of 1 
8 1 745 #36 * 595 TEE OL SES NEVE 1 $ 
Wide the Whole! an leave the fp alt at 
— there must be a point of time at which the 
jar will be without any electric fluid, either on 
ons side or che ther; nay more, suppose a large 
Jar or battery to be discharged dy means of a few 
eee Wite, there will then be a point of 
time at Which the whole quantity of electric fluid, 
which constituted the charge, must be en 7 5 
in a piece of wire, weighing only a few gramms. 
- Now, if it he considered, that time, La eg 1 


: T Kani divisible, may we not rather suppose, 


that the be joe a . is nothing more an | 
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an inconceivable rapid suecession of such small 


quantities as may be sent off, without causing 
such a destruction of the equilibrium as the laws 


| of electricity seem not to admit. To this we 


may add from other experiments, that one side of 


a charged electric may contain more of one power 


than is sufficient to balance the contrary power 


on the other side. For, if a charged jar is insu- 


| invented; the glass plate machine, - contrived a 


A DESCRIPTION or 05 ERT. "PORTABLE On 
POCKET. ELECTRICAL. APPARATUS, BY THE 


lated, and the discharge is made by a discharger 


with a glass handle, after the explosion, the dis- 
charger and both sides of the jar will possess a 


contrary power to that obtained on the side of 


| a the jar eh was noma 1 _ before the ha 
charge. CA FH | 
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Various en bead TO 1555 deen 0 
used by-electrigians for the excitation or collec- 
tion of the electric fluid: in a large machine, 


glass has deeidedly*'the preference; for a small 
apparatus, resin, lack, baked wood, silk, brown 8 


paper, &. Dr. Tngenhouz, who many years ago 


| e W for ay hl a "RON er 1 
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means of a varnished silk ribbon expose to the | 
$ triction of a rubber attached to the external ccat- 5 
=—_ ing; While the opposite electrieity of the silk was 
5 taken off by a metallic part communicating with 
1 ttzce inside. With some small variation, I bave con- 
1  s$tructed this apparatus, and made it- capable of a 
tolerable strong charge. or accumulation of elec- 
tdtrtricity, and to give a small sbock to ee 
. 5 three, or a greater number of persons. | 
Plate 5, fg. 99, A is the small Leyden phil e. 
jar that holds the charge; B is the disc to 
discharge the jar, when required, without . 
fing the person that holds it; C is a varnisbed 
Tibbon to be excited, and communicate its elec- 
tricity to the jar; D are two hare, &c. skin rub- 
bers, which are to be . on the first and 
middle fingers of the left hana. 
Ty charge the jar. Place ths” two agen en., 
D, on the first and middle finger of the left 
hand; hold : e jar, A, at the same time at the 
edge of the coating on the outside, between the 
thumb and first finger af the same hand; then 
take the ribbon in your right hand, and steadily 
and gently draw i it upwards between the two rub- 
bers, D, ou the two fingers, taking care at the 
dame time the brass ball of the jar is kept nearly | 5 
elose to the ribbon, while it is passing through | » 5 
the fingers. By repeating this operation twelvfe | 
5 or . times, the electrical 825 _ 1 8 55 into . 
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2D paratus: for produtir 


- 
5 D 
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the figure, you will see a sensible spark pass from 


the ball of the jar to that of the discharger. If 
the apparatus is dry and in good order, you will 
hear the erakling of the fire when the ribbon is 
passing through the; fingers, and the jar will dis- 
charge! at the distance represented in the figure. 


' To electrify a Person. You must desire him to 


take the jar in one hand, and with the other touch 


the knob of it; or, if diversion is intended, desire 


the person to smell at the knob of it, in expecta- 
tion of smelling the scent of a rose or a pink; this 
last mode has occasioned; jt sometimes to be called 
the magic omelling horthe.” lig is 8 6 
Mr. Cavallo desoribes ee Saupe ap- 
ing thejelectric charge] though 


0 


not so portable as the: above, which be calls the 
Self charging Leyden phial, and thus describes: 


Take a glass tube of about eighteen inches | 

in-leogrh, and an inch, or an inch and an half, in 
* 1 ies is immaterial. whether, one of its 

| C be d or not. Coat the inside of it with by 
: n but only from one open extremity of it io 

beet far as its middle; the other part, which 

2 peaated,! we sball call the naked part of 
| thei ;ngteata ents. Put, a cork. 10 the aperture of 

allet .a knabbed wire pass wy: 
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the jar, which will become charged, and by 
placing the discharger, C, against it, as sbewn in 
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| through the aoky and come in contact with the 
coating. The instrument being thus prepared, 
8 it in one hand by the naked patt, and with 
che other hand clean and dry-rub the outside of 
the coated part of the tube; but, after every three * 
or four strokes, you must remove the rubbing 


hand, and must touch the knob of the wire, and 


in 80 doing a little spark will be drawn from it. 
By this means, the coated end of the tube will 


gradually acquire 4 charge, which may be in- 
coreased to a considerable degree. If then vou 


grasp the outside of the coated end of the tube 
with one hand, and touch the knob of the wire 


8 with the other hand, you will obtain a shock, &c. 


In this experiment, the coated part of the 


F ds answers the double office of electrical machine 
and of Leyden phial; the naked part of it being 
only a sort of handle to hold the instrument by. 
A The friction on the! outside of the tube aceumu- 


ſorces out of the inside a quantity of electricity 
also positive. Then by taking the spark from the 


| knob; this inside electricity, which is by the cot. 
ing communicated to the knob through the wire, 
is removed, consequentiy the inside remains un- 
ders charged or negative, and of course, the 1 
| "_ corral 1905 che ut 
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surface of the glas, and begins to form the charge. 


By farther rubbing and taking the spark from the 
knob, this charge is increased, &. 

Instead of a tube, this instrument may be 
constructed with 2 pane. of glass; in which case it 
will be rather simpler, but it cannot be managed 


so easily, nor of course can it be charged s0 bigh 


as the tube. A piece of tin-foil must be pas 


the middle of only one surface of the pane, leav- ö 


ing about two inches and an half or three inches 
of uncoated glass all round. This done, hold the 


glass by a corner, with the coated side from you, 
and with the other hand rub its uncoated: side, 
and take the spark from the tin-foil alternately, 
until you think: that the glass may be sufficiently 
eee then lay the glass with its uncoated side 


flat upon one open hand, and, on, touching che 


4in-foil with * e FRY receive ods. 
book.” . 5 


ee e 100 a ä 8 tis 


oa to any distance, and its effects have 
been found to be instantaneous in going through a 
conducting wire of several miles, which connected 
the two coatings of a jar; but it is ese 


weakened by the length of the circuit. 


55 For mere entertainment, d a+ a 


electrified at the door of a or house. A 


| 7 chain or adootnieod:vrithithe outside boa ting 0 
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the TOP ang) lay on the n close to the 
outside of the door, another chain or wire fast- 
ened at one end to the knob of the lock, and at 
the other end to an insulated wire or director. 
Then, at the instant of the person's attempting to 
open the door by his hand at, the knob; the dis- 
charge of the j jar is to be made by: bringing: the 
insulated wire to the ball of the jar; the fire wil! 
pass from the jar, along the wire, to the hand of 
the person, and throughihim, to his feet and the | f 
wire on the ground communicating with the out- . 
lde of the jar; and thus giving him the shock. 
Eleotricity has been thought of as the means 1 
epi a very quick intelligence from one 
place to another: For this purpose Mr. Cavallo 
bas made several experiments, and from which 
probably some use may de derived- The best 
means he found was by inflammable air; and the 
following is his description of the method which 
de found to succeed best, and by which means 
gunpowder or other combustibles may be certainly 
fired from the distance of two or three hundred 
feet; and probably from a much greater distance, 
without danger to the operator, or without any 
loss of time; for the inflammation will take . 
at the moment that the knob of the e is 
3 Teen to the extremity of the long wire 
FS ec. The inflammable air must be contained in a 
wy or three! ounce as "ob as is used for 
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medicines, which must be mage l in the follow- ; 
ing manner: Turn the phial with the bottom 
upwards, and+by striking the apex, of the conical 
cavity with a pointed thick wire, a hole will be / 
made in the bottom of the phial. In this hole 
a piece of thin wire must be cemented, so as to 
project about an inch within the phial, and its 
external part must be bent in the form of a hook. | 
A very sound cork must be fitted to the mouth 5 
of the phial, and another piece of thin wire must 
be passed through it, so as to prqject within the 


. and to come with its ate to the dis-. Fl 


rg ara of abs wire Gear xg © 
bottom. The external part of this wire in te iſ 
cork should be about two or three ſeet in length. " 
The phial being thus prepared, remove the cork 
from it, and place it inverted for about ſour or 1 
five seconds of time, over the mouth of another 
large phial full of inflammable air; then slip it off, 
and cork it up as fast as you can. By this means 
a certain quantity of inflammable air will bein. 
troduced, whieh, by mixing with the common air 
contained in the phbial, will form a compound 0 :': 1 
elastio fluid, which is 180 ready to take fire, that 
if the least electric spark be passed from wire to 


NS 


wire through the phial, the air will instantly ex- "I 
; "POL N tha: cork. will be pushed out of it with 4 
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pines. The long wire of communication is 
prepared in the following manner: 
A piece of annealed copper or brass wire, "NP; 
Ubout'a'fiftieth or fortieth part of an inch in dia- 
meter, being stretehed from one side of a room 
to the other; heat it suecessively from one end to 
the other by means of the flame of a candle, or of 
a red-hot piece of iron; and, as vou proceed with 
the candle, rub a lump of pitch over the heated 
part of the wire. When the wire has been thus 
covered with piteh, a slip of linen rag must be 
put round it, which can be easily made to adbere 
to the piteh, and over this rag another coat of 
pitch must be laid with a brush, the pitch being 
melted in a pipkin or other convenient vessel. 
This second layer of piteh must be covered with 
a slip of woolen cloth, which inust be fastened by 
meuns of a'needle and thread. Lastly, the cloth 
must be covered with a thick coat of oil paint, 
and wh mn the paint is dry, the covered wire may 
be used for a experiment. In this manner 
= Maby eces of wire, each of about twenty or 
+ enter in length, may be prepared, which may 
aſterwards be joined together, so as to form one 
continued metallic communication; but care must 
be taken to secure the places where the pieces are 
joined, which is most readily done by wrapping a n 
5 en over r the e cloth, round * 


On 
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two contiguous extremities, and binding it with 
thread. When a long wire bas been thus made 


out of the various short pieces, let one end of it, 


purposely left out beyond the fore- mentioned 
envelopes, be formed into a ring, 0 to the other 
5 dere e adapt a small brass ball. ADR 


In order to perform the eee, lay the 
wire upon the ground in any direction, fasten the 


| hooked wire of the phial that contains the inflam- 
mable air to the ring at one end of it, and _ 


the extremity of the wire that comes out of the 


cork of the said phial about an inch or two into 


the ground. Then, if you bring the knob of a 
charged Leyden phial in contact with the ball at 


the other extremity of the long wire, the inflam- u 7 
mable air will explode immediately, and the cork | 
| will: be pushed out of the neck of the phial. 


« Por this | Perpees a Leyden phial, that contains. 
Abbt one square foot of coated surface, will be 
found to be quite sufficient, when the distance 


between the operator and the spot in which the 
inflammation is to take place does not exceed 
200 feet. For greater distances it will be neces- 


gary to use ee A of pi dend 5261 N 
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be fired; but, in order to set fire to gun-powder, | 
the only addition which needs be made, is 2 
surround the cork "Te: neck of the hint with | 
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=, 


Joose cotton, ahnt has been previously. filled with 
_ pounded gun-powder, from which a quick match 
may be continued, &Cc. for, when thercork is 
pushed out of the neck of che phial by the explo- 
sion of the inflammable air, a flame comes out 
which has power sufficient to set fire to the Sas 
powder in the en J have sometimes put a 
small quantity of cotton rubbed in cone? . 
into the phial 955 inflammable air, besides the 
cotton on the outgides hut: 10 is by no means | 
 NECcCe: e VVV 

5 4 The only een e e to | 
attend the above-described method is, that me- 
times the very nature of the inflammable air in 

the phial suffers such an alteration as to lose its 
jnflammahility; in which case the enperiment Will“ 
+ be attended- with the desired effect. ;, But this . 
Adegeneration of the inflammablę air does ee 5 


. N beg not even in a fortnight; 50, that . 
| one mans ney. that the. experiment will answer 
withi 
will, anopier A two or three days. It is im- 


3 wire on 75 ground all that time, or Sl bh 1 

FF wide Me mon t "= I ne of inlam- f 
5 SHE, thisexperimene by rf wi bout any inflams + 
A ble ig, the phil. the only tec ü h. be, * 


24 or 30 bohrs; and it is probable that 12 5 


Ft: 3 55 n 4 < 
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a eck will be seen between the two wires in the 
phial at the moment that the charged jar is ap- 
plied to the knobbed end of the long wire. By 
sending a numder of sparks at different intervals 
of time, according to a settled plan, any sort of 
intelligence might be conveyed instantaneously 
(rom the place in which the operator stands to the 
other place in which the phial is situated. With 
respect to the greatest distance to which such 
communication might be extended, I can only 
say, that I never tried the experiment with a wire 
of communication longer than about 250 feet; 


but, from the results of those experiments, and 


from the analogy of other facts, I am led to be- 


lieve that the ſore - mentioned sort of communica- 


tion might be extended to two or three en, and 
eee to a n aten distance. * Yr to bod 


« Anal ou ene, 0 lie, b. 288. r * vate 7 
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or THE ELECTRICAL BATTERY, AND THE 14. 
" TERAL EXPLOSION or CHARGED Ans. 2 85 


8 To increase the Gland as the able, e i. 
several Leyden jars are connected together in a | 
box; this collection is termed an electrical bat- 
tery. . 808 eee en hy: most Wee . 
5 form. n, 3 
The N Sh Hits 1s e 5 del, 
to connect the exterior coatings; the inside coat- 
- ings of the jars are connected by the wires a, b, e, 
ds, ez ſ, which meet in the large ball A; C is a 
ny hook at the bottom of the box, iy which any 
1 substance may be connected with the outside 
cC̃oating of the jars; a ball, B, proceeds from the 
inside, by which the circuit may be conveniently 
completed. ben ende. precautions are ne- 
ceessary to be attended to 1 5 those who, tones use 
ol an electrical battery, | . 
Tuo keep the top and 3 1 of: 1 jars 
| ary and free from dust; and, after the explosion, 
to connect a wire from the hook to the ball, 
which should be left there till the battery is to be 
cCharged again, which will totally obviate the in- 


„ _— 
an 4 


through which the 
prepared as to augment its power. If the sparxæx 
5 * e o fen ee a hols.3 in a ner, I Slass, 5 
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conveniences that have oceationally happened from 


- thy residuum of a charge. 


If one jar in a battery is broke, it is . 
to charge the rest till the broken j jar is removed.“ 
Jo prevent the jars of a large battery breaking 


at the time of the explosion, it has been recom- 
| mended not to discharge a battery through a 
good conductor, except the circuit is at least five 
feet long; but what is gained on one band by this 
method, is lost on the other; for, by lengthening 


the circuit, the force of. the EN is e 


ne | 
I have been e 1 it is very difficult 


| to break by an explosion the jars which are made 


of. green glass, fabricated at Newcastle, but have 


had no eee to make 252 eee on 
this glass myself. 43 | 


The force of a . may 1 eee e 


ed by concentrating the spark from the 
explosion, which is effected by causing it to pass 
through small circuits of non- eondueting sub- 


stances. By this means the resisting medium, 
de spark is to Pass, may be so 


* '® W jar may Uh nds to receive a a charge, wy taking, 
away the external and internal coatings which were over the 
crack, $0 as to leave a space of about one-fourth of an * 

between the crack an . e, Vn 1 5 


| 


x 


* 
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e eee or 3 ant of an N in dia- 
meter, it will be less dissipated, more compaęt 
and powerful. If {the part round the hole is 
| vetted with a little water, the spark, by convert- 
ing this into vapour, may be conveyed to a greater 
Fer distance, with an increase of rapidity, e 
with a louder noise than common. | 


MI. Morgan, by attending to these, gh some 


- 7 ne den melted. Wires, Kg with 
small jars. yo F 

= 5 1 114. Tv ond WITE | 1 hot... 
Pass the charge of a strong battery through two 


or three inches of small wire, it will sometimes 


appear red-hot, first at the positive side, and „ 
Ares: Wilt: e eee ne Sg: wither; 


G ety 7 EY . 


| ee e OLIV. 2 fringe 3 . . 
charge a battery through- a quire of paper, a per- 


. ſoration will be made through it; each of ihe 
leaves is protruded by the stroke from the middle 


towards the ot he ure as if ths: fire darted 
both ways fron 


. sage, and the hole is small. If that part of 0 

paper, through wbich the explosion is made, is 
wet, the hole i is larger, che niche n more ie and 
5 hes explosion e 


ExrRERIMENT CL v. 7. give the magn#tic power. 


185 i The e dixcharge of a e ee a alt steel 


| Arp, the ſire dne more e difficulty in in its CO - 
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_ needle will, if the charge is eee communi- 
cate magnetism to the needle. 7 
ExyurinenT CVI. Ih invert the! magnetic 
poles.” The discharge of a battery through a small 


and slender magnetic needle, will generally da- 
stroy the polarity of the needle, and sometimes 
Invert the poles thereof. To succeed in this ex- 


periment, it is often necessary to pass several 


strong charges through the eee before it is N 

removed froimthe creat,” hb att OE 
It appears from Beocarid s eddi 1 chis's / 

magnetic polarity, which is communicated: to the 


needle by electricity, depends on the position o 
the needle when the charge is sent through it, 


and is not regulated by the direction of the ele. 
tric matter in entering the needle.” A e s 4562 


line in the manner of a pendulum from any eas: 35 
venient altitude, 80 that its plane may be vertical. 
Let the largest charge from a battery be cauged to 


EXPERIMENT : VII. Atwood 
ration.” Let a quire of paper be suspen 


pass through it, while quiescent in au horizontal 


direction perpendicular to the plane; the rods of 


aunication' not touching the paper. The 
phenomena are, first, the aperture heretofore 
mentioned, the leaves being protruded both N 
from the middle: second, not the smallest mo- 


tion is committionted. o o be . from 5 boi 


of _u n 


* 


— 


ld 


A quire of the thickest and strongest paper was 
made use of for this experiment; the height from 
which. it: was suspended, sixteen feet. It is an 
ertraorditary appearance on the bypothesis of a+ 
eingle eleetrie fluid, that: à force, sufficient to 
penetrate a solid substance of great tenacity and 
cohesive force, should not communicate the 
smallest motion to the paper, when a breath of 
air would cause some sensible vibration in it. 
But this difficulty is not unanswerable: for 
*, velocity! may be assigned, with which a body — 
pinges against and passes through a pendulum. of 
any given weight and resisting foree, so that a 
smaller angular velocity shall be\communicated to 
it, than any that shall be proposed; and we know ; 
no limit to the velocity af the electric power or 
© Powe But the other. phenomenon;. nne. the 
opposite direction in which the leaves hre pro- 
truded, tends very much to strengthen the opi- 
nion of two apposite currents. Perhaps: either of : 
those phenor ha, considered simply, 1 may admit 
ol an 8 70 colation from the: bypothesid/of'a'single.; 
p „ ben they are täken both together; At 
_ Sevths cope dint, to reconcile this hy 5 
wich matter of fact. 4”, i 8 v Ser” 
- Expanment envIII. Th melt a wire.” Dis- 


"ou 


** 
& battery hogs aslender pieee of wire, 
3 — 7 „„ . Tus ; $ 
2 3 . ws 2 ; : 8 8 . Py J 4 2 25 9 F = TS Se. 2 25 5 — Fr R 14111 8 
V5 5 wh WEE get l 58 
e * adus Analysis. 1 8 ts gs 8 . 
5 Jo | . - 2 
TD | : 3 2 f 8 . 
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ex gr. 6nc-fifiicth, of an inch in diameter, the 
wire wilt be broken to pieces or melted, 80 as to 
fall ow the table in glowing: balls, 9 

When the wire is melted in . manner, . 


| mph fly frequently to a considerable distance, 


enn scattered by the explosion in all directions. 

If the force of the battery is very great, the 
th will be entirely dispersed by the force of the 
explosion. Small particles of such substances as 
cannot be casily draun into wire, as platina; 
grain golut, ores, &c. may be placed in a groove 
of wax, and then put into the eircuit; if a dis- 


charge of sufficient een 18 E ah 
them; they will be melte. 


The force, by which wires are medial hy a a 
battery, varies with 'the length of the circuit, as 
the fluick meets with more resistance in propor- 
tion as the passage through which it is to pass 5 
longer. Dr. Priestley could! melt nine inches 560 

all iron wire; at the distance of fifteen feet,/ but 


| a twenty feet distance he could only make sin 


inches of it red-hot; 80 that metals resist with 
considerable force the nn electric fluid, 
ann in estimating the eondiicti S r. 
ers of different substances, their bach m ay 

_ paiticularly attended to-: | 
_ Exegnmment” OI. inclogg: 4 very lend! 
wire in a glass tube, discharge a battery through 
| thiwwie, anti it w 
„„ VV 5 


: ” 


be thrown into eee „ 
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et sizes, Which iney be edllertad: from the 
inner surface of the tube: they are often found to 
be hollow, « and lude: e mes the scoria of IN, 
Well. NN 0 e ee “ 
ee ae. Was Kev male in des to 

oy the different conducting powers of metals, by 
passing the discharge of a battery through them; 
but it has not yet been determined, whether the 


greater facility with which some metals are ex- 


ploded depends on the ease with which the fluid 
passes through them, or whether it proceeds from 5 
the degree of resistance they make to its passage, 
or from a want of duetility i in the an ae is 
therefore less capable of erpension. Hegel oage Pet 
hy Takei n Aenne a Tho ; 
OW a chain which is laid on paper, and black _ 
marks will be left on the paper in those places 
where the rings of the chain touch each other; the | 
rings will be more or less melted at those places. 1 


FLY »Exezancentr. cLxI. To Stam glass. Take 


two pieces of wi indow glass, of about three by two 
place a slip of brass or gold leaf between 
them, leaving the metallic leaf een 


| | glass at each end; then place the two pieces of 
glass in the press of the universal discharger, pl. 2, 


12. 3, bring the points of the wires ET, EF, 
to touch the ends of the leaves, and pass a dis- 


charge through them, which will-force part of the 
_ etal) inta the een stain it with a coleur 


uy 


1 


: 15 a "IE e Te” is . 9 


1 


— 
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| which differs from the metal that is made use of. 


The metallic leaf should be made narrowest in the 


middle, because the force of the electric fire is in 


proportion to its density, which is increased when 
the same quantity of fire is compelled to us 
on: fewer conducting particles. '- 


The explosion in melting the strips of leaf. : 
gold, &c. renders them non-condueting and less 


capable after each discharge to transmit another. 
Some particles of the metal are driven into the 


glass, which is really melted; those parts of the 
metal which lie contiguous to the glass, are the 
most perfectly fused. The pieces of glass which 
cover the slip of metal are „ broken to 


1 by the discharge. 1 


EXPERIMENT oxII. To Jad thick Pieces 1 95 
glass. Place a thick piece of glass on the ivory 
plate of the universal discharger, plate 2, fig. 3, 
and a thick piece of ivory on the glass, on Which 


aà weight from one to seven pounds is to be placed; 


bring the points of the wires, EF, ET, against 


the edge of the glass, and pass the discharge 


through the wires; by connecting. one of the 


wires, as E F, with the hook, C, of the battery, 


when the battery is charged, 
ET. to the ball, and the glass will be broken, 
and some part 6f i it shivered'to kn impalpable pow-. 


13 


Plate u. Fg. 65, and forming a communication; | 
om the other wire, 
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* 


BY 20 u et 


convenient. 


to resist the shock, the glass is oſten marked by 
the explosion with the most lively and beautiful 
colours. I have been informed by Mr. Morgan, 
chat if the glass is cemented down, the effect is 


and this mode is i 7 various Wee a; mote 
Place a piece . very ths . W een 
the balls of the universal discharger, the fibres of 


\ "the wood: to be in the same direction with the 
wires, pass the shock through them, and the 
wood will he” torn to pieces; or run the points 
into the wood, , and. then e the 9 085 en Fo 
3 them. tf 1 . 8 ; 
5 8 oLXIII. To. ue . 1 
tbe discharge is passed under the piece of ivory. . 
with the weights upon it, without any glass be- 

3 tween the piece of ivory and the table, G H, of 
1 the universal discharger, the weights will be liſted 
up by the lateral / force of the discharge: the num 


ber of 1 be 5 Wonen the ſores 


- of the explos 
. n ede ne Pha, 

5 FR 66, 4 represents. an insulated rod, nearly touch- x 
ing a charged jar; 5 is another insulated rod, placed 
1 in a line with and near ta the former; make the | 
_  discharge by the rod c from which a chain hanga 
that does not touch the bottom of the jar, and the © 
„ which quits 5 


15 hg: 


e Le rant 5 


ive an electric spar 


— 


the same as when it is pressed by the weights; 5 
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it again almost in the same instant, because the 
finest threads hung upon it will not be electrified 
-by the Spark. 1 | 

This electrical appearance, whhiwt the circuit 
of a discharging jar, is called the lateral explosion. 

If pieces of cork, or any light bodies, be placed 
near the explosion of a jar or battery, they will 

be moved out of their place in all directions from 
the center of the explosion; and the greater the 
force of the explosion, so much greater will the 
distance be to which they are removed. It is 
not surprizing, therefore, that heavy bodies should 

be removed to considerable distances by a strong J 

flash of lightning. Dr. Prieszley apprebends, that - 
this species of lateral force is produced by the = 
explosion of the air from the 1 e en 
8 the electric discharge passes. . 

This lateral force is not qe a in Fg 
neigbbourkdhdt of an explosion, when it is made | 
my pieces of metal in the open air, but al 5 | 
when it is transmitted through pieces of wire that 

: IR not thick enough to conduct it perfectly. 
The smaller the wire is, and the greater the ſu- 

1 the 3 is the een ant 115 voi . 
7 7 ener elxv. cba of Ehen ee, 5 
If cirevits, different in length and of different | „ 


substances, form a communication between two 
1 SONY e e elecinie e it is 1 9 
; | e 11 
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served, the discharge will be made through the 
best conductors, whatever be 82 length of = 
others. Lot „ Tel al 
4 i, 2. If circuits of ug same e be different | 
In length, the e will be N e the 
. sbortest oltbem. 75 | 
3. If the circuits be the same in every 5 
he discharge will be made e many of gs 
at the same time. 
If one circuit conzists x undried oy 8 is 
of; considerable length in comparison of another 
5 which consists of metal, the discharge will be 
made wholly through the latter, unless the charge 
sbould be very great, in which: ee dm _ ru 
part will pass through the ; 
If a;$hort metallic rod an. 0 e of Fw ba” 
manan body form two circuits between the same 
charged, surfaces, the discharge will, in general, 
be made holy through the metallic rod; but 
„ LN af” the charge Ne very great, or if the rod is very ; 
a io slender, or if it should be very long, in either of 
these cases the. discharge may be perceived to pass 
through that pern of, hs body which: ora one we : 
So the circuits. p 
a os This will bs ibs case . the 1 e nale 


4 but it may be so increased, as to 12855 through Fs 
3 both, 0 ee, and ahorter circuits, 
Ss 1 9 75 e + Amy, p: 119 ane ans 


2 8 s : 3 & 
* Wu * pf - 2 » : 
: : 2 x 6 / * 
1 3 Nee L : Ys > 
© 2 ty % of * 


he affixed to the coating 
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I have W informed by a (gentleman, that it 
was his custom to make a variety of circuits for 
the discharge of a large jar or battery; and, that 


having a sufficient number of these, he could in- 
troduce himself into one of them, and take his 


ul of the shock without inconyenience—it even 


was not disagreeable; and he could by this means 
lessen the sensation almost to nothing. 

ExrERIMENT CLXvVI. Mr. Henley Reps a 
„ circuit, the first by an iron bar, one inch 


and an half in diameter, and half an inch thick; 


the second, by four feet and an half of small 
chain. On discharging a jar, containing five 


hundred square inches of coated surface, the 


electricity passed in both circuits, sparks in 
visible on the small chain in many places. On 
making the discharge of three jars, containing 
together sixteen square feet of coated surface, 
through three different chains at the same time, 


bright sparks were visible in them all. ne 


chains were of iron and brass, of very different 
len gths; the shortest ten or twelve inches, the 
longest many feet in length. When those jars 
were discharged through the iron bar A 
mentioned, together with a small chain, . three- | 
quarters of a yard in length, the whole chain was 
illumin ed, and covered throughout reer 
rays, like bristles or golden hair. Having placed 
a large jar in contact with the prime conductor, 


of it an iron chain, which 


. 
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i wikis nde with a plate of metal, on. blieb 

was made the discharge by the discharging rod: 

this done, he hooked another chain, much longer 
And of brass, to the opposite side of thé jar, and 
brought the end of it within eight inches and an 


Half of the metal plate. In contact with this end 
a small oak stick was laid, eight inches long, 
which was covered with saw-dust of fire wood. 
On making the discharge upon the plate, both 
the chains were luminous through their whole 
lengths, as was also the saw-dust, which was co- 


| | vered by a streak 10 Hght, NERO. "Ry ing > 


appearance. . d * 


At the ee 0 is ee mu 775 
A2 number of rods of glass, about one-quarter | 
of an inch diameter; if these be examined nar- 
5 rowly, scveral of them will be found tubular a 


considerable length; the diameter of the 18 5 


5 Seldom. exceeds the 200th part of an inch. 


t and break off the tubular part, which may I OY 


filled with quicksilver by sucking, care being 
deten that wy rhoisture previously insinuates it- 
CEE self; the bro 1085 then be ee for the: ex- 


e XVII. eee Role nee. 


Pass the shock through this small thread of quickõ-⸗ 
Silver, which will be instantly disploded, and will 
break or split the tube in a curious manner.“ 


tf 


Place a'buildjog; which is 
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{own erxvIII. Take a glass rub; 


the bore of which is about one-quarter of an inch, 


fill it with water, and stop the ends with cork, 
insert two wires through the corks into the tube, 
so that their ends may nearly touch, make the 
ends of these part of a circuit from a battery; on 


the discharge, the water will be dispersed in every 


direction, and the tube hte to n DO 


3 


discharge. ee OH e nee 
The electrie fluid, like common Un converts 
the water into an highly elastic vapour. Dr. 
Franklin, on repeating this experiment with ink, 
could not find the least stain upon the white pa- 
per on which the tube had been placed. Beccaria 


passed the shock through a drop of water, which 
was supported in the center of a solid glass ball 
between the ends of two iron wires, and the ball 


was shivered in pieces by the explosion. On this 


principle he contrived what he calls an electrical 


mortar, which will throw a small leaden ball to 
the distance of twenty feet. It is clear; from se- 
veral of the foregoing experiments, that the elec- 
tric fluid endeavours to explode; in every direc- 
tion, the paris of, £ We dan ubstances W e 
which it passes. e eee e 


3 Bren- en Nlatris argue 
Yihed' of. several loose 
od} on a wet board in the middle of 4 


pieces of w 


large bason of water, let the vleetris flash Trem: a 


N be made. to oy over the 1 8 oi 
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| the W over both; the water will be seh 
agitated, and the building thrown down. 


report is louder than whey 928 anus ee pon 


Foul through the air. i 044 


The electric fluid . to pass near i 


| 3 of the water, where it meets with more 
resistance than if it is forced to pass through it. 
' This partly arises from the power the electric fluid 


has of raising an expansive yapour from the sur- 
been ol the water, which drives off the resisting air. 
A discharge passed over the surface of a piece 
of ice; will leave on it small unequal cavities, e- 
hibiting the same Were wirt a At lk 476 ; 
| been placed ohit. 5 Fro 
A discharge sent thendgh: a green o leaf tears 1 ö 
ons in various directions, leaving an image in 
miniature of some of the effects af lightning. A 
discharge will pass to a certain distance over spirit 
of wine, without inflaming it; but, if the distance 
is increased, it will set it on fire. From hence it 
ee that the facility with which the- electric 
fire is oe over the surfaces of moist sub- 
depends pers ang A. e 
turned into vapours. . 
The discharge, in ling tho Cos © me- 
- tals, drives into its passage the conducting vapours 
which arise from them; and in proportion as 0 


parts of any body are bids readily. driven into 
_ Yapgur or dust, 1 TIP will run to a tn 
- ned. - en N "ge ; Bol 6197 5 1 7 | * {+ 1 Wh 58 6 
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ExrERRHIMEN T cLxxi Wire" ena: If a 
wire is stretched by weights, and a n is sent 


through it that will render it redchot, it is ſound 


to be considerably lengthened after the discharge. 
When the wire is loose, it is said to be sbortened 


1 the exploson⁰⏑ꝗ u „ 9 ee ens 
- EXPERIMENT ckxXI If a long eee 


of water is made part of the circuit in the dis- 


charge of a battery, and a person's hand be im- 


merged in the water at the time of the explosion, 
he will, feel an odd vibration in the water, very 


an from an electrical bock. The de 


WES 
7 3 


4 1 115 N N „ . Wi 


* The explosion of steel wire © hs been Pant to. Pal the, 9 | 


2 of measu ring electricity. Mr. Cutbbertion from a va- 


| riety and Succession of e experiments has proyed, that the quantity 


of electricity to disperse a given portion of wire will be the same, 
even though the charged aurface should be greatly varied; or, 
that equal quantities of e 


the jar made use of be of greater or less capacity. The kind of 


| jar made use of, was a common one with Lane's electrometer, its 
balls being at a fixed distance, us shewjn at a 6, plate 5, fig. 86; 
the wire was of steel flattened, such as used for the spring of the 
balance in watches, about 0 of an inch in breadth. The jar 
: with the electrometer was applied to the conductor; 3,2 a brass! ball, 
g supported on an insulated stand, was placed $0 as to recei tive the 5 
explosion from the jar: from this ball ming a stall piece of the/ 
above wire, confined at each end between small forceps, and the 


length of the Wire five inches. Gradual increases of the interval 


or length of park were made, till the charge became 50 strong 
as completely to ignite the wire. The length of the explogive_ 


et was ed a BBs Faria vob? It. EE 2 att 
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tricity in the form of a charge willf 
cause equal lengths of the same steel wire to explode, whether 
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stroke 8 the; re- percussion of the air and the 


vapour is communicated to the band by the water, 


beautifully tinged with the prisn 
The, cireles appear sooner, and are e 


— 


and the; hand. receives; a Shock similar ta that re- 
TO? by a ship at sea during an earthquake. 


EXYEIIMENTeILXXII. Prigmatio rings.” Place 
a plain piece of metal between the points of the 


T em Giechargar,. pas -geveral- explogions. of a 


gradually form on the metal different circles, 
mat ic eng. 


other, the nearer the point is to eee _ hs | 
metal. The number of rings or-circles depend 
on the sharpness of the point; the experiment 
therefore succeed better if a sharp needle is A 


to ons: of abs point of the. digoharger. 905 
ments were made is 


she wm L might et ee, | 
eit ny ich REY it moyes. In this 


ESTI IE oo 


3 fins: experime toi the shock was given and spirits 


matter which had been con- 
yed- through the river Thames. In the next | 
eriment, the. electric fluid was made to pass 

erossing the New- 15 


through, a circuit, of to miles, 
river twice, going over several gravel-pits, and @ 


large field. It was afterwards conveyed through | 
 #6lreuit of four miles, It passed over these spaces 


instantaneousl y as to sense. This sensible instan- 


5 1 ei in the motion of the electric fluid was 


4 F 


8 


THE ELECTRICAL BATTERY. | | 287 


5 Ane by an observer who, though in che 


room with the charged jar, was at the same 
time in the middle of a circuit of two miles, and 
felt himself shocked at the same instant 1 8 aw 
the jar discharged. . | 
| Notwithstanding this curprizing 8 it 1 

certain that both sides of a charged jar may be 
touched 80 quickly, even by the best conductors, 
that all the electric matter has not time to make 
the circuit, and the jar will remain but half dis-, 
charged: and there are several instances here 
the motion appears slow, and not easily reconcile- 
able with this immeasurable velocity; and i it is 
also certain, that this fluid od ny its om 
_ through or over 0 substance. ene! 
e with ern if e the; ik of: 
Dr. Gran and Mr. HVölia on this subject; and 
the reader will find this reasoning pn 
strengthened by experiments of Mr. Atwood, re- 
lated in this Essay, though, it must be me 
these experiments seem to lead much further, and 
give an idea of the direetion of the electric. fluid 


in the discharge of the Leyden jar, which differs... 


Wet coor from the Ne e 1 fe 
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We are chiefly Jindebted” to Abbe Wallet . 
hat is known on the subject of this chapter, 
which Was investigated by him with incredible 
idee and patience I have only subjoined the 
principal result of his experiments, and must refer 
the reader, for 'a more ample account, to the 
be's' own writin 85, or Dr. ae s' my 


* 8 * 
1 Nn . „ 
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of Electricity. een e 

Electricity angments ad Bee ion 0 
fluids; since; excepting: mercury and oil, all the 
others which were tried suffered a diminution that 


could not be e to 1 __ cause Ts” 


8 5 hg ty. mg, e ore: 


- Qt dpi of enen „bet 1 > than wy 
of wine, this more than water, xk. 
Electricity acts strongest upon be lids ; when | 
the vessels which contain them are non-electrics. | 
The evaporation was greatest in the most open 
wake, but did-not i increase in e to their | 
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apertures. It does not make any liquor evaporate 


through the pores either of metal or glass. 
To extend these principles further, the Abbe 
8 wade a great variety of experiments on electrified 


capillary tubes, and found that the stream would 


be sub- divided; but it is not sensibly accelerated, 
if the tube! is not less than one-tenth of an inch 
diameter in the inside. 


Under this diameter, if the tbe is "ics d 
to let the fluid run in a stream, electricity will 


accelerate its motion in a small degree. 


If the tube is so far capillary, that the water 


only issues from it in drops, the electrified jet 


becomes a continued stream; it will even be di- 
vided into several smaller ones, and its motion is 
considerably accelerated; the smaller the diame- 


ter of the tube, the greater is the acceleration. 

When the surface is wider than one-tenth of an 

inch, electricity seems rather to, retard the motion 
of the fluid. 


From some very accurate E W 0 1 


M. de Saussure with his new hygrometer, it ap- 


pears that the foregoing theory, which, asserts that 


electricity always promotes evaporation, is onlx 


true under certain restrictions. It increases the 


. evaporation from those bodies which are supersa- 


turated, but docs not occasion any evaporation in 
those which do not contain. a een n 
quantity of water. 8 
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3 EXPERIMENT XXIII. Electrical jet dean. 
Pig. 77 represents a metal phial, to which a 
Any tube is adapted, which will only permit 


water to pass through it in interrupted drops. 


Fill the pail with water, and suspend it from the 


prime conductor, then turn the cylinder, and the 
water will pass through the tube in a continued 


stream; this will separate into other ee that 


will appear luminous i in the dark. 
EXPERIMENT eLxxrIv. Suspend one pal from 


a positive conductor, and another from a negative 
one, so that the ends of che tubes may be about 


three or four inches from each other, and the 
atream proceeding from one will be attracted / by 


that which issues from the other, and form one 
dctream, which will be luminous in the dark. 


I the pails are suspended on two positive or 


two negative conductors, the Wee e repede 


925 you each other. ö 
© * EXPERIMENT CLXXV. Electrical Stream + Wa- 
ter. Place u metal bason on an insulating stand, 
and connect it wich the prime conductor; then 
pour a small stream of water into the bason, 


which in the dark will have a beautiful appearance, 


as the stream wil endet ie 28195 er 55 


5 of lucid drops. 
5 e een clXXVI. ler iel omg 
Dip a sponge in water, and then suspend it from 
| the: Crs z the 9 which before only 
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As from it, will now fall fast, and appear in 
the dark like fiery rain. 


EXPERIMENT CLXXVII, Contrary effects f 


electricity in forming jet d'eaus, Hold a pail, which 


is furnished with seyeral capillary tubes placed in 


various directions, near an electrified conductor, 
and the water will stream out of those jets near 
the conductor, while it will only drop at intervals 
from those which are opposite to it. 
eee cLXXvIII. Conical drop of wa- 
The knob. of a charged jar will attract a 


As water from a saucer, &c. This drop, the 


moment the jar is removed from the saucer, as- 
sumes a conical shape, and if it is brought near 
any conducting substance, it is driven forcibly 
away in small streams, ren arc luminous'i in abs 
dark. 

It appears by this experiment, that ah ens 


fire not only tends to separate the particles of 


water, and to dissipate them into vapour as com- 
mon fire, but that it effects tiny with uncommon 


| DOE ] „ 
ap d bie are 11% 24* 


8 r Dual- 4 Jes ; 


through drop of water, previously placed on 
kndb of onb of its jars; the whole will be instantly 


expladed into vapour; the sparks will be n 


longer than common, and more compact. 
Beccaria observes, that by sending a Aue 


5 to a greater;ar less. distance, through one or more 


T2. SO \ 
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drops of quicksilver, the discharge diffuses itself 
into drops, and drives them into vapour; part of it 


| rising into the air in the form of smoke, the other 


part remains on the glass. 
EXPERIMENT CLXXX. A drop offs water kung 
ing from the condensing ball of an clectrified conduc- 


tor, will stretch towards water placed in a cup 


under it, lengthening and shortening itself accord- 
ing to the force of the electricity. mt. 
ExTERIMRENT CLXXXI. Zig-2ap sparks Ven a 


drop of water. Place a drop of water on the prime 
conductor, turn the machine, and long zig-zag 
sparks may be taken from it; the drop will take a 


conical figure, the body that receives the spark 
will be wetted, and the spark will be considerably 
r nh than can be obtained from reg e 
- without the water . TEA 
"EXPERIMENT CLEXXIT: + benen flim 
wax. Stick a piece of sealing · wax on the con- 
ductor, in such a manner that it may be easily 
set on fire hy a taper; while it is flaming turn the 
cylinder, the wax will become pointed and shoot 
dut an almost invisible thread into the air, to the 
Jength' of à yard or more. If the filaments that 
are throw n out by the wax are received on a sbeet ; 
of paper, the paper will be covered by them im a 
wy" curious ora and the {TA of the wax | 
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will be so far subdixided as to resemble fine cot- 
ton. To fasten the piece of wax conveniently to 
the conductor, stick it first on a small piece of 
paper, then twist the end of the paper so as to 
fit one of the holes which are made in the prime 
conduetor; when it is thus placed, it may be 
readily fired by a taper. 
EXPERIMENT cEXXxIII. Electrical fountain. 
Insulate a fountain made by condensed air, and 
which emits only one stream; electrify the foun- 
tain, and the stream will be separated into a great 
number; these will diffuse themselyes equally | 
oyer a large space of ground. By laying a finger 
upon the conductor, and taking it off again, the 
operator may command either the 9 stream or 
the divided one, at pleasure. 

ExPERIM ENT CLXEXXIV,. Blearify 00 . | 
insulated fountams with the different electric 
powers; the streams of both will be dispersed into 
very minute particles, which will run together at 
the top, and come down in Henry drops, like ? 
shower of rain. | 
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5 * 


BXPERIMBNT. erxxxv. | 


Tax a * * receiver, and insert in the top 
with cement a wire with a rounded end, then 
exhaust the receiver, and present the knob of tbe 
wire to the conductor, and every spark will pass 
through the vacuum in a broad stream of light £ 


visible the whole length of the receiver, moving 


with regularity, unless it is solicited and bent out 
of its way by some non- electric, then dividing 
itself into a variety of beautiful rivulets, which are. 
continually dividing. and uniting in a most pleas- 


ing manner, If the vessel is grasped by the hand, 
at every J 


k a pulsation is felt, like that of an 
artery, and che fire bends itself towards the hand. 
This pulsation 1 is even felt at some distance from 
the receiver, and in the dark a light is seen be- 
tween the hands and the glass. The streams of 
light pass silently through the receiver, because 
the air is removed, by whose FRE ound. is 
produced. 5 | | 
From some experiments made several years 5 
eince by Mr. 9 with an excellent e | 
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of Mr. Smeaton, he observed that very small dif- 


ferences of air occasioned very material differences 
in the luminous effects produced by the electric 
fluid; for, when all the air was taken out of the 
receiver, which this pump at that time was capa- 
ble of extracting, no electric light was visible in 
the dark. Upon letting in a little air by a stop- 
cock, a faint electric light was visible; and, by 


letting in a little more air, increased the light, 


which again decreased on letting in more air; till 
at last, on admitting great quantities, it entirely 


vanished. By this experiment it appeared, that a 


_ certain limited quantity of air was necessary to 
occasion the greatest luminous effect. 


ExrRRIAMENT eIXXXVI. No repulsive power 


in the particles of electricity. Fig. 82 represents 
an exhausted receiver standing on the plate of an 
air- pump; à b, an electrified wire discharging a 
_— be, of the electric fluid on the plate of the 
air-pump. If the stratum of air on the outside of | 
the receiyer be lessened by the application of the 

finger to the receiver, and by this means an op- 
portunity be given to the fluid on the outside to 
escape, the fluid within will be nen, to that 


r e fe „ 


It has been dag from this 1 © ; 
no repulsive power exists between the particles of 
the electric fluid; because, if it was in itself really 
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elastic, or endowed with a repulsive power of its 
own, it is not probable it could pass in an unin- 


terrupted stream, as at bc, when the resistance 


Was taken off; it would then 100 wider, __ 


1 


display its elastic power. | 
It is more consistent, says Dr. Watson, to sup- 
pose that the repulsion of these partioles, which is 
seen in the open air, is oecasioned by the resis- 
tance of the air, and not by wy" Maes en = 
of the electricity itself. - 
By considering the experiments FP with the 
clectrio fluid in vacuo, we attain a clear idea of 
the resistance the air continually makes to its pas- 
sage, and see that the divergence of its rays is not 
to be attributed to an imaginary repulsion, but to 
the resistance of the ambient air; for the diver- 
gence ceases and the ON. a n this resis- 
N , ner os 
Exyuniment CLXXXVIL. Dive, the air was 
fim the receiver, if the wire at the top 
. of it was eleqtrified, a diverging brush proceeded 
from it about an inch long, but little of the fluid 
passing off, and even that little requiring a strong 
impulsive force to push it forward. On exhaust- 


ing the receiver, the following changes took place: . 
first, the rays of the brush became longer; se- 
condly, the rays diverged less, were fewer in num- 
" Hes” and the sige of the remaining 5 was in 
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1 thirdly, 4 all united at ages and 5 


formed a continued column of light, from the wire 
to the plate of the air- pump. 1 
From this experiment it is clear, that the air is 


the agent by which, with the assistance of other 
electrics, we are able to communicate electricity 


to electrics, as well as nan-electrics; for, when 
this is removed, the fluid pervades the Wannen, 
and flies off to a considerable distance. 


EXPERIMENT CLXXXVIII. To Jiatinguish with — 
great accuracy the changes in the form and leng th of 


the electric spark when it is passing through a re- 
ceiver, the air of which is more or less rarefied. 


Fix a ball to the rod, let another proceed ſrom tbe 
plate of the air- pump; the balls are to be placed 


about one inch from each ether. When the va- 


colour passes from one ball to the other; but in 
5 proportion as the air is admitted, the ray acquires 


a quivering motion, which indicates that a resis- 
tance to its motion then begins, and this inter- 
ruption is followed by a division of the ray or 


5 stream; the ray now acquires a more vivid light; 


and, lastly, it e the common spark, which 
is emitted with greater or less facility, in propor- 
tion to the power of the machine and the resis- 
tance of the air. 

ExXPERTJMENT CLXXXIX, a be 3 pre- 
Bent a thin exhausted flask similar to that repre- 
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sented at E, fo. 49, but without any coating on 
the outside, to the conduètor, and the jar will be 


luminous from end to end; and, when taken from 
the conductor, will continue luminous, moving in 
various curvilinear directions for a considerable 
time, flashing at intervals in a manner which very 


much resembles the Aurora Borealis. The light 


may be revived, by passing the flask through the 
band. The stroke of the fluid against the glass is 
2 sensibly heard knd felt in this experiment. 


The flexuous motions of the electric fluid in an 


ae, receiver may, in some degree, be pro- 


duced at pleasure. By wetting the autside of tùbe 
receiver, the fire will follow the direction of the 


wetted line, as the resistance is now lessened on 


one side; and the fire can adhere and accumu- 
late itself on the inside of the receiver, because, 
by means of the ee we it can in a, HOP 


1 outside. 


This experiment may Ts exhibited very n : 
| a; by making a Torricellian vacuum in a glass 
tube about thiree feet long, and then sealed her- 


metically. Hold one end of this tube in the 


hand, and apply the other to the conductor, and | 
immediately the whole tube will be illuminated 
from end to end, and will continue so for a consi- 


derable time after it is removed from the condue- 
dor, PRI at intervals for 1 97 hours. e 
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ExPERIM ENT ox C. Luminous jets of fire. 


Screw on a ball, of about an inch diameter, to the 


rod of the plate of the collar of leather of an air- 


pump; place this on a tall receiver; connect the 
exterior part of the rod with the conductor; place 
some cylindrical pieces of metal on the plate of 


the pump; then exhaust the receiver in part, and 
electrify the rod at intervals, and luminous jets of 


fire, like fulminating meteors, will fly from "he 15 
ball to the cylinders of metal. | | 
ExrgERIMENT CXCI. Another beautiful ap- 


pearance may be produced i in the dark, by insert- 
ing a small Leyden jar into the neck of a tall 
receiver, so that the outward coating may be 

exposed to the vacuum. Exhaust the receiver, and 


then charge the jar, and at every spark which passes 
from the conductor to the inside, a flash of light 


is seen to dart from every part of the external sur- 


face of the jar, so as to fill the receiver, Upon 


making eee bh the e is seen to return 5 
in a close bod. 


% 


 ExygRIMENT cx CIT. ks Aha: | 
Avery perfect vacuum for the passage of the elec- | 

tric fluid may be made by a double barometer, or 
long bent tube of glass filled with mercury and 

inverted, each leg standing in a bason of mercury; 
the bent part of the tube above the mercury forms 
a complete vacuum. If a jar is discharged through 
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this space, the light appears. uniform a the 


whole space, but is most vivid when the discharges 
are strong. Dr. Watson insulated this apparatus, 
and then made one of the basons of mercury 
communicate with the conductor, and touched 
the other with a non- electric; the electric fluid 
pervaded the vacuum in a continued flame, with- 


out any divergence; when one of the basons was 
connected with the insulated cushion, the fire 


appeared to . we em in a ent di- 


rection. 


„ eee CXC111; 5 05 83 . * 


glass tube, such as is generally used for barome- N 
ters; on the end, b, a steel cap is cemented, from 


which a wire and ball, c d, proceed into the tube. | 
Fill this tybe with quicksilver, and then, by send- 


ing up a large bubble of air, and repeatedly in- 


verting the tube, free the quicksilver and iron ball 


from air, according to the ordinary mode of filling T 


barometers; then place a small drop of ether on 


the quicksilver, and put the finger on the end of 
the glass tube, and insert the end, , in a bason of 1 


quicksilver, taking care not to remove the finger 
tom the end of the tube, till the end! is immerged 
half an inch under the silver. When the finger is 
removed, the quicksilver will descend, and the 


ether will expand itself, lessen the vacuum, and 
depress the mercury in the tube: now present the 


LIGHT IN VACb0. ' 301 


metallic top of the tube to a large charged con- 


ductor, and a beautiful green spark will pass 
from the ball to the quicksilver. By admitting 
a small quantity of air into the vacuum, an ap- 
pearance something similar to a en star is 
obtained. e . | 
 ExpgrIMeNT cxerv. Cavallo on electric ap- 
Pane in vacuo. Place the brass cap of a well 


exhausted receiver at about half an inch from the 


prime conductor, so that when the machine is in 
action, sparks may pass from the conductor to the 
brass cap of the receiver. Mr. Cavallo, in relat- 
ing the circumstances attending an experiment of 
this kind made by him, observes, that when the 


| receiver was exhausted, the spark passed from the 


cap to the plate of the pump through the receiver, 
illuminating its whole cavity; that the vacuum 
became a better conductor of electricity in pro- 
portion as it was more perfect, and that the elec- 
tric light was more equally diffused, but it was by 
1 no means faint when the receiver was exhausted to 

the utmost. The light changed according as the 

receiver was more or less e ei xhausted.” "The ings 
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as rarefied 40 times, {is Fn: large, long, bu 


divided Streams. 
Fine diffused light of 2 
4:7 Þ white cot. 
I 0 | comm Beautiful diffused light. 
e e inclining to a red or 


Purple, and filling the 
A whole receiver. 5 
e, {a diffused light flled 
25 equally the receiver; 
e ih it bad hardly 125 ds 
. 8 * hue.* | 
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1. There; is no fluid or solid body,! in its passage 
Gern which the electric fluid may not be made 
luminous; in . spirit, oil, e fluids of * 


i. 


Phil. . Ixxiii, part ii. p. 451. 
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kinds, the discharge of a Leyden jar of almost any 
size will appear very splendid, provided we take - 
care to place them in the circuit, 80 that the fluid 
may not pass through too- great a quantity of 
them. The general method is, to place the fluid 
on which the experiment is to be made, in a tube 


three quarters of an inch in diameter and four 


inches long; stop up the orifices of the tube with - 
two corks, through which push two pointed wires, 
so that the points may approach within one· eighth 
of an inch to each other; the fluid, in passing 
d through the interval which separates the wires, 
is always luminous, if a force be used sufficiently 
strong; the glass tube, if not very thick, always 
breaks when this experiment succeeds. To make 
the passage of the fluids luminous in the acids, | 
they must be placed in capillary tubes, and two 
wires introduced, as in the preceding experiment, 
whose points shall be very near each other. It is 
a well-known fact, that the discharge of a small 


| \ Leyden jar, in passing over a strip of gold, silver, 


or Dutch metal leaf, will appear very luminous. 
By conveying the contents of a jar, measuring two 
gallons, ever a strip of gold leaf one- eighth of an 
inen in diameter and a yard long, it will fre- 
quently give the whole a dazzling. brightness. 
We may give this experiment 4 curious diversity, 
by laying che gold or silver leaf on a piece of 
glass, and then placing the glass in water; for | 
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the he gold leaf Will appear most rillioncy 


luminous in the water, by exposing it thus cir2 | 
eumstanced to the explosion of a bee 
2. The difficulty of making any quantity of the 
- electric fluid luminous in any body, increases as 
the conducting power of that body increases. 

- In order ta make the contents of a jar lumi- 
nous in boiling water; a much higher charge is 
necessary than would be sufficient to make it 
luminous in cold water, which is e al- 
: lowed. to be the worst conductor. . 5 

There are various reasons for believing the 
acids. to be very good conductors; if, therefore, 
into a tube filled with water, and circumstanced 
as has been already described, a few drops of 
either of the mineral acids are poured, it will be 
almost impossible to make the fluid luminous in 
a eee the tube. . 
If a string, whose diameter i is one-eighth its an 
5 RY and Whose length i is six or eight inches, is 
moistened with water, the contents of a jar will 
pass through fit laminously; but no such appkar- | 
ance-can be produced by any charge of the same 

jar, provided the same string be moistened with 

one of the mineral: acids. To the preceding i in- 
stance we may add the various instances of me- 
tals, which will conduct the electrical fluid witb- 
out any appearance of light, in circumstances the 
same with those in which the same force would 


5 


* * 
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have 8 luminous in passing ee, other 1 
bodies, whose conducting power is less. 1 
3. That the ease with which the ene fluid 3 
is rendered luminous in any particular body, is ; 
inereased by increasing the':rarty- of the body. 

The apptarance of a spark, ot of the discharge of 


a Leyden jar in rarefied airj is well known. But 
we need not rest the truth of the preceding obser- 
vation on the several varieties of this fact; similar 
phenomena attend the ee of; either, of b 
pn ee and of water. Nin e F | 
Ex CXC v. Spark i in e OR — 

= n of Wine, ether, und acids. Into the orifice of a 

tube, 48 inches long; and two-thirds of an inch in 
diameter, cement an iron ball, s0 as to bear the 

weight which presses upon it when the tube is. 4 
filled with quicksilver; leaving only au interval WW: = 


| 7: the open end, which -bortained | a few drops of 


tze Wader! But chrough this re 


water. „Elaving ihwertell the tube, ad plunged. : 

the open end of it int bason of mercury, the 3 
mercury in the tube stood nearly half an inch — 
lower thaw itdid in a barometer at the same ins i 
stant, owing to the vapour which-was formed. by no 
efied water, the f 


- electrical} spark an brad as it does 
througli ir equally ratefied. ni ery: 5 fs! et] 5 = : 
If, instead gf water; a ſem drops Aid of wins 8 
are plaped on dhe surfuce bf the mercury, phend : 
wen eimiler to tts of the preceding experiment 


; ; f ? N a 8 
8 ; > 
4 ; 4 4 ſe : £' 1 
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=: will be dizcovered; with this difference only, 
D vapour in this case is more dense, the elec- 
trical spark in its passage through it is not quite 80 
luminous as it is in the vapour of water. 
$ SGood ether, substituted in the room of the Spirit 
If wine, will press the mercury down so low as the 
- | height of 16%or 17 inches. The electrical fluid in 
passing through this vapour, unless the force be 
very great indeed, is scarcely luminous; but, if 
the pressure on the surface of the mercury in the 
bason be gradually lessened by the aid of an air- 
pump, the vapour will become more and more 
re, and the electric 1456 in ee ee 5 
more and more luminous. 
It has not been 8 gaben . vapour | 
Hos! escape from the mineral acids when exposzed | 
in vucuo; to give them therefore greater rarity or 
ſtctenuity, different methods are found: necessary. 
With a; fine camel hair peneil dipped in the vitri- 
_ glic,. the nitrous; or the marine acid, draw upon a 
piece of glass line about one - eighth of an inch 
broad; in some instances you must extend this 
Une to the length of 27 inches, and you will find 
that the contents of an electric battery, consisting 
of ten pint jars coated, will pass over the whole 
. nee of this line with the greatest brillianey. 
II f by widening the kne or by laying on a drop of 
= the aeid, its quantity be increased in any parti- | 
V part, the Sbarge i Cs — 


— 
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vin not appear Wa e Water or spirit of 
2 wine, circumstanced similarly to the acids i in the 


preceding experiments, will be attended with si- 


milar, but not equal effects; because, in conse- 


_ - $annot e SRL ops 


quence of the inferiority of their conducting 
power, it will be necessary to make the line 


chrough which the” Sn Py 'conviderably 
Shorter? 


4. The brillaney or | splendor * the 1 


fluid, in its passage through any body, is always 
increased by lessening the dimensions of that body; 
that i is, a park, or the discharge « of a battery, which 
we might suppose equal to a sphere one- quarter of 
an inch in diameter, will appear much more bril- 
liant if the same quantity of fluid 1 is compressed 
into a sphere one- eighth of an inch in diameter. 
This observation is the obvious consequence of 
many known facts; if the machine be large enough | 


to afford a spark whose length is nine or ten 
inches, this spark may be seen sometimes forming 


[ itself i into a brush, in which state it occupies more 
room but appears very faintly luminous; at other 


limes, the same spark may be seen dividing itself 


into a variety of ramifications, which shoot into the 
| Surrounding, air. In this case likewise, the fluid 
. ts diffy 


wed over a large; surface, and in proportion 
to the extent, of that surface, 80 is the faintness of 


the appearange. 15 A Spark, which in the open air 


2 n 
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will appear toy All the whole of an exhausted re- 
ceiver four inches wide and eight inches long: 
but, in the former case it is brilliant, and in the 
latter it grows fainter and fainter, as the size of 
the receiyer increases. This observation is further 
proved by the following experiments. . 
EXPERIMENT CXCVI. To an insulated balt 
four inches in diameter, fix a silver thread about 
four yards long. This thread, at the end which 
is remotest from the ball, must be fixed to another 
insulated substance. Bring the ball within the 
striking distance of a conductor, and the spark; | 
in passing from the conductor to the ball, wil! 
appear very biiliant; the whole length of the 
Klver thread will be faintly luminous at the same 
instant. When the spark 18 conſined within the 
dimensioiis of a sphere one- eighth of an inch in 
| diatheter, it will be bright; but when diffused 
ober the surface of air which recyived it from the 
thread, its ha will be so faint as to be seen only 
im a dark room, If you lessen the surface of air 
Which receives the spark, by $hortening the thread, 
it will not fal to increase e "brightness ol oe”, 
: appearance. e LO 
ek Is ee To hows” Ui thi 
faintness of the electric light in vacuo depends'on 
the enlarged dimensions of the space throu 5 
which it is diffused, we have nothing more to do, 


| 
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cuum, so that the fluid may pass from the point 


5 of the one to the point of the other; when the. 


distance between them is not more than the one- 
tenth of an inch, in this case we shall find a yy, 
liandy as great as in the open air. 
| EXPERIMENT CXC VII. Into a Torricellian 
vacuum, 36 inches long, .convey as. much air as 
will fill two inches only of the exhausted tube, if 
it were inverted in water; this quantity of air will 


afford resistance enough to condense the fluid, as 
it passes through the tube, into a spark 38 inches 


in length. The brilliancy of the spark in con- 
densed air, ig water, and in all substances through 
whigb it passes with difficulty, depends on princi- 


ee eee 0-0 os! Wehe ac nnt for the pre- 


ceding facts. 8 OW eee 
well a as in those of burning. fret there. are cages 
in which all the rays of light do not escape; and 
that the most refrangible rays are those which 
escape first or mast easily. The electrical brush 
is always of a purple or bluish hue. If you con- 
vey a spark through a Torricellian vacuum, made 
without boiling the mercury in the tube, the 
brush will display the indigo rays. The spark 
however may be divided and weakened, even in 
the qpen air, 80-26 49 HEY the most ee 
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- EXPERIMENT CXCIx. To an insulated me- 


tallic ball four inches in diameter, fix'a wire a foot 


and an half long; this wire should terminate in 


four ramifications, each of which must be fixed to 


% 


2 IM metallic ball half an inch in diameter, and placed 
at an equal distance from a metallic plate, which 


must be. communicated by metallic conductors 
with the ground. A powerful spark, after falling 
on the large ball at one extremity of the wire, will 


be divided in its passage from the four small balls 


to the metallic plate. When you examine the 


division of the fluid in a dark room, you will dis- 
cover some little ramifications, which will yield 6 


the indigo rays only: indeed, at the edges of all 
weak sparks the same purple appearance may be 


: discoyered. You may likewise observe, that the 
nearer. you approach the center of the ne Tho | 


1 


; oral is the brilliancy of i its colour”; {75% 4 


LD. That the influence of different wells on 5 | 


electrical light; is analogous to their influence on 


: Y 


solar light, and will help” Us js 8 0 0 50 S008 : 


; 


very singular/appearanees,” | > 1 


Ex TRRIMRNT CC. "hen Nudes witey hs | 


2 metallic ball fixed to one end or its extremities; . 
be forced obliquely into a piece of wood, 50 a8 to, 
make a small angle with the surface of the wood, 
and to make the point Tie about one-eighth of an 


inch below the surface; let another pointed wirs 


\3 . . 98 5 Js Rs 4 
1 2 +. IP N A 1 3 22 1 2 * 
886 a 2 
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which communicates with the ground, be forced 


in the same manner into the same wood, so that 
its point likewise may lie about one-eighth of an 
inch below the surface, and about two inches dis- 
tant from the point of the first wire. Let the 


wood be insulated, and a strong spark, which 
strikes on the metallie ball, will force its passage 


- through the interval of wood which lies: between 
the points, and appear as red as blood. To prove 


that this appearance depends on the wood's ab- 
Sorption of all the rays but the red; when these 


points were deepest below the surface, the red 


only came to the eye through a prism; when they 


were raised a little nearer the surface, t the red and 


orange appeared; when nearer still, the yellow; £4 
and so on, till by making the spark pass through _ 
the wood very near its surface, all the rays were 


at length able to reach the eye. If the points be 
only one-eighth of an inch below the surface of 
 80ft deal wood, the red, the orange, and the yellow 
rays will appear, as the spark passes through. it 


T7 


He but, when the points are at an equal depth i in a 


barder piece of -wood, such as box, the yellow, 


and p perhaps the orange, will disappear. As a 
* proof that; the phenomena thus described 
a * owing to, the interposition of the wood, as a : 


medium which absorbs some of the rays, and Suf- 
ſers others to escape, it may be obs. that 


when the dpogkigeikes VT: ER: on one ade | 


15 


i 
i 
? 
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| 60 the peas el deal, on the other side ĩt will ap- 
Pear very red. In like manner, a red appearanos 


may be given to a spark which strikes brilliantly 
over the inside of a tube, merely by spreading 


| s some pitch very: thinly over the” > ouide of the 
ame tube. * 165 el 


rn ec. 17 inte 2 een va 
cm0 any length a few drops of ether are con- 
veyed, and both ends of the vacuum are stopped 
up with metallic conductors, so that a spark may 
Pass through it; the spark in its passage will as- 
sume the ſollowing appearunces: when the eye is 


| placed elose to the tube, the spark will appear 
Perfectly white; if the eye is removed to the dis- 
tanee of six of seven yards, the colour of the spark 
Will be reddish. These changes eyidently depend 
on che quantity of medium through which the 
kcght passes; such as the __ Arbe from a ae 
Candle or beclouded sun. b eee 


Exenntinxe> cet, 0 De: iPriestley long 5 Fl 


wel inffammable air; but this appear- 


medſum through which you look at the spark: 


when at a very considerable distance, the red 
eomes to the eye unmixed; but if tde eye is 
plaeed elose to the tube, the spark app 7 
and brilliant.” In confirmation, however, of some 
© oft ebese eonclüstens, you must observe, . 5 


ars White 


* — 


eg the rell appearance of the spark when ; 


ande is very much diversified by the quanlity oſ 
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| Inereasing the quantity of fluid which is conveyed 
through any portion of inflammable air, or by 
condensing that air, the spark may be entirely 
deprived of its red appearance, and made perfectly 
brilliant. All weak explosions and sparks, when 
viewed at a distance, bear a reddish hue. Such 
are the explosions which have passed through 
water, spirit of wine, or any bad conductor, when 
confined in a tube whose diameter is not more 
than an inch. The reason of these appearances 
seem to be, that the weaker the spark or explosion 
is, the less is the light which escapes, and the 
more visible the effect of any inedium, _—_— has 
2 power to absorb some of that light. et 
Chalk, oyster-shells, together with ho has | 
parks: bodies, whose goodness has been very . 
much - impaired by long keeping, when finely 
| powdered, and placed within the cireuit of an 
electrical battery, will exhibit by their scattered 
particles a shower of light; but these particles will 
appear reddish, or their phosphoric power will 
be sufficient only to detain the yellow, orange, 
and red rays. When spirit of wine is in a similar 
manner brought within the cireuit of a battery, a | 
similar effect may be discovered; its; particles 
diverge in several directions, displaying a most 
e e eee The metallic ealees 
pberie wits eee difficulty; but eee 15 
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may . scattered into à shower af red Juminous | 
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"BLECTRICAL [BXPBRIMENTS, | MAPE IN R= 
DER TO ASCERTAIN THE NON-CONDUCTING 
- POWER, or A PERFECT YACUUN, dee. BY 
| MR. WILLIAM MORGAN, | a | 


a 


5 4k 


- Phe non-conducting power of a e 6 vacuum 


is a fact in electrieity which has been much con- 
troverted among philosophers. The experiments 
made by Mr. Walsh, F. R. S. in the double baro- 
meter tube, clearly demonstrated the impermea- ; 


bility of the electric light through a vacuum; nor 


was it, I think, precipitate to conclude from them 
tbe impermeability of the electric fluid itself. 
But this eonclusion has not been universally ad- 


mitted, and the following experiments were wm 
With the view of determining its truth or fallacy. 


the l was cemented together, and the air was 
exhausted from the inside of the cistern through a 


"ow C in the! brass cap, E, just TR” | 


A mercutial gage, B, plate 1, fg.14, about if. 

teen inches. ong, carefully and accurately boiled 
till every particle of air was expelled from the 
_ Ingide, was coated with tin- oil five inches down 
rom its sealed end, . and being inverted inta 
mereury through a perforation, D, in the brass 
cap, E, which covered the mouth of the oistern, H, 


2] 
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which, producing a perfect vacuum in the gage, B, 
afforded an instrument peculiarly well adapted for 
experiments of this kind. Things being thus 
adjusted, a small wire, F, having been preyiously 
fixed on the inside of the cistern, to form a com- 
munication between the brass cap, E, and the 
mercury, G, into which the gage was inverted, 
the coated end, A, was applied to the conductor 


of an electrical machine; and, notwithstanding 


every effort, neither the smallest ray of light nor 


the slightest charge could ever be procured in this 


exhausted gage. It is well known, that if a glass 
tube be exhausted by an air- pump, and coated on 


the outside, both light and charge may very rea- 
dily be procured. If the mercury in the gage be 


| imperfectly boiled, the experiment will not sue- 
ceed; but the colour of the electric light, -which 


in air rarefied by an exhauster is always violet or 


purple, appears in this case of a beautiful green; 


Ms A 


and, what is very curious, the degree of the air's 


| rarefaction may be nearly determined by this 
means.” There have been instances known in'a 


course of experiments, where a small particle of 
ee found its way into the tube, B, the 
electric light became visible, and, as usual, of a ; 
green colour; but, the ere being often re- 


peated, the gage has at length cracked at its. 


sealed end, and in consequence the external air, 


by "ow" admitted. into the ineide, bas graduall) 


oy #: 


K 
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i -a change in the electric oaks; from 


green to blue, from blue to indigo, and $0 on to 


violet and purple, till the medium has at last be- 

| come so dense, as no longer to be a conductor of 

electricity. There can be little doubt, from. the 

above experiments, of the non- conducting power 

ol a perfect vacuum; and this fact is still more 

\- Strongly confirmed: by the phenomena which ap- 
Pear upon the admission of a very minute particle 


of air into the inside of the gage, In this case, 
the whole becomes immediately luminous upon 
wan application of electricity, and a charge 


takes. place, which continues to grow more and 5 


more powerful, in proportion as fresh air is ad- 


mitted, till the density of the conducting medium ; 
arrives at its maximum, which it always does when 


the colour of the electric light is indigo or violet, 
nen these circumstances, the charge may be so 
ed, as frequently to break the glass. In 
Some tubes which have not been completely boiled 
es will not oondupt the electric fluid, when the 


mercury is fallen very low in them; yet, upon let- 


ting air into the eistern H, so that the mereury 
shall rise in the gage B, the electrio fluid, which 
was: before latent in the inside, shall now beoome 
visible, and, as the mercury continues to rise, and 
, of consequence the med 

the light shall gro more and more visible, and 


oh | at last be charged, notwithstanding 


! ; 
* 


dium is rendered less rare, \ 


gs | 
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it has not deen near an electrical machine for two 
or three days. This seems to prove, that there is 
a limit even in the rarefaction of air, which sets 
' bounds to its conducting power; or, in other 
words, that the particles of air may be so far sepa- 
rated from each other, as no longer to be able to 
transmit the electric fluid; that if they are brought 
within'a certain distance of each other, their con- 
ducting power begins, and continually increases, 
till their approach also arrives at its limit; when 
the particles again become $0 near, as to resist the 
particles of the fluid entirely without employing 
violence, which is the case in common and con- 
ere air, but more particularly in the latter. * 
It is surprizing to observe, how readily an ex- 
Daustell tube is charged with electricity. By 
placing it at ten or twelve inches from the con- 
duetor, the light may be seen pervading its inside; 
and as strong a charge may sometimes be pro- 
cured, as if it were in contact with che conductor. 
Nor does it signify how narrow the bore of the 
glass may be; for, even a thermometer tube, hav⸗ 


ing the minutest perforation possible, will charge 
with the utmost facility; and in this as. pho 
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che kuren are peculiarly beautiful. — 
Let one end of à thermometer tube be we 1 
bermetically; let the other end be cemented into 1 
4 e cap with a valve, or into a brass cock, 80 I 

fitted to the plate of an ee | 1 


. $18 K0X-CoxpucriNG poli 


wen it is exhausted, let the sealed end be ab 
3 to the conductor of an electrical machine, while 
the other end is either held in the hand, or con- ” 
nected to the floor. Upon the slightest excita- = 
tion, the electric fluid will accumulate at the 
sealed end, and be discharged through the inside 
in the form of a spark; and this accumulation and 
discharge may be incessantly repeated, till the tubs 
is broken. By this means, a spark 42 inches long 
-. | * may be procured; and, if a proper tube ; could be 
ound, we might have à spark three or four times 
E chat length: if, instead of the sealed end, 2 bulb 
be blown at the extremity of the tube; the electric 5 
gde wil fill the whole of that bulb, and then pass 
hrough the tube in the form of a brilliant spark, 
=; in the foregoing. experiment;. though in this 
case the charge, after a few trials, will make a 
mall perforation in the bulb. If, again, a ther- 
mometer filled with mercury &s inverted into a 


. _cistern,. and- he air exhausted in the manner be- : 
fore described fe making the experiment with | 
the gage, the Torricellian vacuum will be pro- 


duced; and now the electric. light in the bulb, as 
well as the spark in the tube, will be of a vivid 

| green; but the bulb: will not. bear a frequent re- 
petition of charges, before it is perſorated in like 
manner as when it has been exhausted by an air- 
pump. It. can hardly be necessary to obserye, 
that in these cases $9 electric flvid assumes the 


2 
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appearance of a spark,* from the narrow ness of 
the passage through which it forces its way. If a 
tube 40 inches long be fixed into a globe eight or 


nine inches in diameter, and the whole be ex- 


hausted, the electric fluid, after passing in the 
form of a brilliant spark through the length of the 
tube, will, when it gets into the inside of the 
globe, expand itself in all directions, entirely fill- 


ing it with a violet and purple light, and exhibit- 
ing a ne instance of the vast er 10 the 


ebenen fluid. ef oe e 

Mr. Brook's ina of making ee! gages 
is ee ene eee a glass tube, L. Ig. 15, 

sealed hermetically at one end, be bent into a 


\ right angle within two or three inches of the 


5 other end: at the distance of about an inch or 


less from the angle, let a bulb, K, of about three- | 
quarters of an inch in diameter, be blown in the 


curved end, and let the remainder of this part of 
the tube be drawn out as to I, so as to be suffi- 


ciently long to take hold of, when the mercury 


is boiling. The bulb, K, is designed as àa recep- 
tacle for the mercury, to prevent its boiling over, 


and the bent figure of the tube is adapted for its 
inversion into the cistern; for, by breaking off 


che tube at wh; within en or ae un 


eee 


— 


rl: * By cementing. the string * a guittar into one end of 2 | 
thermometer tube, a spark may be obtained. a8 88 a5 if 0 | 
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the open end of the 
may be held ee erer k abe see when | 
it is dipped into the 


= obliging-us to bring .our ene hh eber 


substance, into contact with the mercury in tbe 


gage, which never fails to render the instrument 
imperfect. It is necessary to! observe, that if the 
tube be fourteen or fiftebn inches lo it will de 


necessary to boil it for thter or four hours; nor 


will it even then succeed, unless che greatest at- 
tention be paid that no bubbles of air lurk behind, 


which will frequently happen, if the tube be not 
r dry before the mercury is p ut into it. 
If this e caution avg Oey _ instrument 
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oN THE INFLUENCE oF POINTED CONDUCTORS 
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ho importance br ee as N as its 8 


versal ageney, becomes more GG aan in pro- 


portion as our acquaintance with it increases. 


We find no substance in nature which is not acted 


on by it, either as a conductor or non- conductor; 
_ and discover, that the surprizing phenomena of. 


thunder and lightning owe their origin to, and are 


of the same nature with it. Very little progress 


had been made in electricity, when the analogy 
between the electric spark and lightning was dis- 
covered: but the sublime idea of -realizing these 
1 and proving that the fire which 
flashes in the sky is the same agent which explodes 


and gives a shock in our experiments, was given 
to Dr. Franklin; who also first suggested the uti- 
lity of pointed conductors of metal, to preserve 


buildings from the dreadful effects of lightning; 
an idea which was received with general applause 
and approbation. Since this period, many elec- 


tricians have been induced to change their opinion 
relative to the utility of these conductors; and 


J ol 
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bas been pen, nene the preffrencs should 
be given to à conductor with a pointed end, or 


to one which bas an obtuse termination. 
he experiments which have been made on 


| this subject are very numerous; but the greater 
part appear to me very inconclusive, and present 
only a very partial view of the subject. Among : 


these, we may reckon those in which different 
substances have been introduced, to represent the 


action of conductors on clouds; since the various 
substances made use of in these experiments, were 
oobering masses, in which they differ essentially 
from the clouds which float in the air. It appears 
also, from many instances, that lightning does not 
pass in one undivided track, but that neighbour- : 
ing bodies carry off their share, e <> on their 
e and conducting power. 


A pointed conductor, which communicates with 


g the earth, has not any particular power of attract- 
ing electricity, and acts only as any other con- 
dueting substa e which does not resist 5 


passage of the e ectric fluid. 


It is true, that elèotricity passes with Sa ease 
from an electrified body to a conductor which is 


/ 


pointed, than to one which is flat or e | 


because, in this case, the elasticity of the electric 
fluid and its power to break through the air are 
weakened by the flat surface, which acquires a 
* eontrary e ww Es TE the dimi- , 


— 


10 , 
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nished intensity more than a point can; the point 
being easily rendered negative, while the effort of 


the fluid to escape from the electrified body is 
greater than when it is opposed by a flat surface. | 


So that it is not the particular property of a point, 
or flat, but the different state of the electrified 
body, which causes it to part with its electricity 
easier; and from a greater distance, when a 
pointed conducting substance is presented to it, 
than it does to a flat or globular conductor.x 


The capacity of conductors to hold electricity 
is in proportion to the surfaces which are free or 


uninfluenced by a similar atmosphere;' a circum- 


Stance which will. more or less affect those con- | 


ductors which are applied to buildings, according to 
the state of the clouds and their atmosphere, the 
time their influence has been exerted, the nature 
of the conducting strata of the earns and its 5 955 
trie situation. W > TRL a 
Besides, the es novels must be N 
en any body can be electrified; and the point 
must be in a state to give one kind of electricity, 
before it can receive the other: They cannot act 
beyond the electric atmosphere of the body to 


which they are presented, and their action is dif- 


- —_ bene 15 the state of 5 air. 


> M * dee nue paper, Phil, Tra. tt xi: 
HE M0 ILY 7 * 2 r 8 I. 
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Fig. 68 represents the gable end of a house, 
fixed vertically on the horizontal board, FG; 
a square hole is made in the gable end at h i, 
into which a piece of wood is fitted; a wire is 
inserted in the diagonal of this little piece; two 
wires are also fitted to the gable end, the lower 
end of one wire terminating at the upper corner 


of the square hole, the top of the other wire is 
fixed to its lower corner; the brass ball on the 


wire may be taken off, in order that the pointed 
end may be 8 exposed to receive the 
. eee e e 
ExPERIMENT cent. THander ke: Place a 
jar with its knob in contact with the conductor, 
connect the bottom of the jar with the hook, H; 
then charge the jar, and bring the ball under the | 
conductor, and the jar will be discharged by an 
explosion from the conductor to the ball of the 
house. The wires and chain being all in con- 
nexion, the fire will be conveyed to the outside of 


tej jar, without affecting the house; but, if the 
© Square. piece of wood is placed so that the wires 


are not connected, but the communication cut 


off, the electric fluid in passing to the outside of 
the jar, will throw out the little piece of wood to 


a considerable distance by the lateral char wk the 


explosion. See fg. 68. 


Unscrew the ball, and let the Pater which is 
underneath be presented to the conductor. and 


* 


it very gently towards the ball on the insulated 


\ 
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then you will not be able to charge the jar; for, 
the sharp point gradually draws: the fire from the 
conductor, and conveys it to the coating on the 
outside of the j jar. | 
The prime conductor is supposed to represent a 
thunder cloud discharging its contents on a wea- 
ther- cock, or any other metal at the top of a 
building. From this experiment, many have in- 
ferred, that if there is a connexion of metal to 
conduct tbe electric fluid down to the earth, the 
building will receive no damage; but, where the - 
connexion is imperfect, it will strike from one 
part to another, and thus endanger 155. whole 
n 


ox THE INFLUENCE or POINTS, V 
| MR. HENLEY. 


8 CCIV. Mr. Henley affixed. to 
the top of a glass stand a wire, three-eighths of 
an inch in diameter, terminated at one end by a 
ball three-fourths of an inch in diameter, and at 
the other end by a very sharp point, see Fg. 69; 
round the middle of this wire hung a chain twelve 
inches long; he connected the chain with the 
coating of a charged jar, and brought the knob of 


wire, in order to observe precisel y at what dis- 
tance it would be discharged ans it; 11 


constantly happened at the distance of half an 
inch; with a loud and full explosion. Then 


* 
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charging the jar, he brought it in the Same gra- 
dual manner towards the point of the insulated - 
wire, to try also at what distance it would be 
struck: but this, in many trials, never happened 
at all; the point being approached in this gradual 


manner, always drew off the charge A. 
Four leaving scarce a spark in the jar. 


The same gentleman connected a jar, contain- 


ing 509 square inches of coated surface, with the 
prime conductor; see g. 68. If the jar was so 
charged as to raise the electrometer to 60 de- 
grees, by bringing the ball on the wire of the 

thunder-house to half an inch distance from that 
: connected with the prime conductor, the jar 
would be discharged, and the piece in the tbun- 


der-house thrown out to a considerable distance, 


N Using a pointed wire as a conductor to the thun- 
der-bouse, instead gf the knob, the charge being 


the same, the jar vas discharged silently, though 5 


5 e and the piece was not thrown out. 


He afterwards made a double circuit to the 


. chunder house; the first by a knob, the second 
by a sharp pointed wire, at an inch and a quarter 
distance from each other, but exactly the sanne 
f height. The charge being the same, the knob 


was first brought under the prime conduetor, 
"Which was. balf an inch above it, and followed by 


1 F 
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the aging at an inch and a quarter distance, yet 
no explosion fell upon the ball, as the point drew 
off the charge silently, and the piece ii in the thun- 
der-house remained unmoved. ; 

He insulated a large jar, and connected by 
chains with the external coating, on one side a 
knob, on the other a sharp pointed wire, both 
being insulated and standing five inches from each 
other, and placed an insulated copper ball, eight 


inches in diameter, so as to stand exactly at half 


an inch distance both from the knob and the 
point; the jar was then charged, and the dis- 
charge made by the discharging rod on the copper 


ball, from whence it leaped to the knob, which 
was three quarters of an inch in diameter; the 


Jar was discharged by a loud and full 1 
and the chain was very luminous. 


Mr. Henley suspended by a silk string FE one 
end of a wooden bar, which turned freely in an 


_ -horigontal direction upon the point of a needle, 


a large bullock's bladder, gilded with leaf copper; 


the bladder was balanced by a weight at the other 


end of the arm, see fig. 713 he gave a strong 


spark from the knob of a charged jar to the blad- 


der; be then presented towards it a brass ball two 


inches in diameter, and observed that the bladder 
would come towards it at the distance of three 
inches; and when it got within an inch, would 


throw off its electricity in a fall spark. He then 
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gave it another spark, and presented a pointed 15 
wire towards the bladder, which never approached. 
2 the Point nor ever gave any en the Ow: 


city being carried off. 
 ExPERIMENT ccv. Franklin's 3 Take 


two or three fine locks of cotton, fasten one of 
them to the conductor of a fine thread, another 
lock to that, and a third to the second; put the 
machine in action, and: the locks of cotton will 
expand their filaments, and will extend themselves 
towards the table. Present a sharp point under 
the lowest, and it will shrink up towards the se- 
cond, and this towards the first, and all together 
towards the prime conductor, where they will con- 
tinue as long as the point remains under them. 
ExPERIMENT Ccvi. Effect on a point of di- 
verging hair. Fasten a number of fine threads or 
| hair to the end of the prime conductor; when the 
cylinder is turned, these will diverge like rays 
proceeding from a center: continue turning the 
cylinder and present a point towards one side of 
the conductor, and the threads on one side will 
hang down and lose their divergence, but those 
on the other side will still continue to diverge; 
which shews, that the power of points to draw off 
the electricity does not extend round the electri- 
fied body, when means are used to _ 4 "a 
pupplyof ee | | Fr 


_ g bw. 
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Fig. 72 represents an Pane board three feet long 
and two feet broad, coated on both sides with tin- 


foil, and suspended by silk lines from a double 5 


hook; this turns on an axis, which is fastened to 
one arm of a nice balance, and counterpoised at 


the other arm by a weight; part of the table un- 


derneath the board is to be covered with tin- foil, 
and communicate to the floor by a chain. 


EXPERIMENT CCVII.. Pendulous board. Con- 


"es the pendulous board with the prime conduc- 
tor by a small wire; a few. turns of the machine 
will electrify the apparatus. When this experi- 
ment was made, the Dean was attracted, by the 


. ho board 3 till! it was Kent, = ee. | 


from the ball, and then discharging itself by a 


spark. If a point is ſixed on the board instead of 


a knob, the pendulous board, though it begins to 
approach, stops at about four or five inches from 
the table, and it will not approach nearer, or 
give a spark: a small light is seen upon the point 


in the dark. A Leyden jar was then connected 


; ö 


with the prime conductor; it now requires more 
turns of the machine to charge the apparatus: the 


effect was the same as before. The counterpoise | 
was now held, that the board might not descend 


till it bad received. a full Sage when set at 
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liberty, it was not buly attracted by, but also gave 
a loud explosion on the point, insomuch, that the 
| tin-foil round it was ERS by the + ie 
| of the fire. 8 5 8 
ExrERIMENT cvIII. Aube er dt on 
points. If an interruption is made in each of two 
similar circuits, which form communications be- 
tween the charged surfaces of an electric plate, | 
and if the space of air in one of the interruptions 
is terminated by points, and in the other by balls, 
the discharge will be made through the circuit of 
485 which _ points make ag ypc Ws the e 


| ber "than that'in the ach cult. 

Before any discharge takes place, the two i 

powers are suspended on the 5 e rurfaces of 

Why charged electric. 

An electric plate may be Acharged two o ways, 
| ihe Silently in some sensible portion of time, or 
dy explosion in atl instant: in either case experi- 

ments abundantly shew, that, cœteris paribus, the 
discharge will de made through a printed rd m 8 

eee to a round termination. 8 

When a pointed body is pregented to any 
charged surface, a cylindrical plate of air of eva- 


nescent diameter is charged with the contrary 


_ electricities strongly attracting each other through 
it; and the quantity of air being so small, there 
will be little resistance to . union; the dis- 


( 


the gradual discharge, according as the opposite 


surfaces (the pointed body and the surface op- 


posed to it) are larger, as they are nearer each 
other, and as the charge is greater; for it will be 
observed, that a point, or very small spherical 


termination, which is in a physical sense a point, 


will discharge any quantity of electricity silently 


and gradually without explosion, while it is at a 
sufficient distance from the opposite charged sur- 


face; by bringing it nearer, the method of dis- 


charge will be altered, which will now be a suc- 


cession of small explosions very quickly following 
each other. The reason of this seems to be, that, 
when the charged surfaces are very near, there is 


not sufficient time for the contrary powers to unite 


gradually, nor sufficient room in which they _ 
be diffused among the surrounding air. | 
This 1 is confirmed by again removing the two 


bps surfaces to such a distance, that the dis- 
charge may be made gradually; in this case, if 
the parts of the apparatus are 80 disposed by any - 


kind of contrivance, that the discharge must ne- 
cessarily be made suddenly, the method of dis- 
charge will be again altered, becoming now a 
succession of explosions, instead of a gradual cur- 


en between the opposed surfaces. This sudden- 
ness of the discharge may be effected by a proper 
use of interruptions in the circuit: it may also be 
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caused by motion; if either surface be moved 
briskly toward the other, the en of the 
: 8 will be promoted. BEGS 
evated conductors . anglied to. Boos. a. as 
securities from the effects of lightning, will con- 
tribute to discharge the electricity from a cloud 
that passes over them; and a greater quantity of 
the discharge will pass through a pointed con- 
ductor, than through one which is terminated by 
a ball: but, whether the discharge will be made 
dy a gradual eurrent, or by explosion, will de- 
pend on the suddenness of the discharge, on the 
proximity of the cloud, its motion, and the quan- 
tity of the electricity contained in it. If a small 
cloud hangs suspended under a large cloud loaded 
with electric matter, pointed conductors on a 
| building underneath will receive the discharge by 
explosion in preference to those termimated by 
balls, the small cloud forming an interruption 
which allows only an instant of time for the dis- 
charge. If a si gle electric cloud is driven with 
considerable velocity near to a pointed conductor, 
the charge may be caused to explode upon it bß 
the motion of the charged body. In other cases, 
pointed conductors contribute to discharge a 
thunder cloud. gradually. without explosion. 
Mir. Wilsons experiments, published in the Phi- 
15 lovophical Transactions ſor 17 78, lane contributed 


4 
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greatly to explain the OW of points in ache. 
ing the electric matter.. 

If a conical pointed dense e into a 
similar hollow cone, formed into. an electrified 
solid, the surfaces of the two cones being equi- 
distant, no greater discharge of the electrics 
would follow, than if the two conical surfaces had 


been plain, and 925 to each other at we same 


distance. 

If two electric ies be charged, and a com- 
munication formed between the positive side of 
one and the negative side of the other, no dis- 


charge will follow, unless a communication be 


formed between the other t two surfaces at the same 
„ . 
The natural e in the a is 


frequently discharged in this manner: two clouds 


being electrified with, opposite powers, the sur- 
faces of the earth immediately under them are 
likewise electrified with powers contrary to those 


in the clouds above them; and the moisture of the | 


earth forming a communication between the two 
| contiguous charged surfaces, wheneyer the two 
clouds meet, there will follow a discharge both of 


the elouds and surface on the earth opposed to 


them. If the earth should be dry, and conse- 


quently afford a resistance to the union of the 
_ two electricities accumulated on or under its sur- 
face, there will follow an explosion in the earth as 


: 
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wells the atmosphere, which will produce con- 
cCussions and other phenomena which bave fre- 
quently been observed to happen in dry seasons, 
particularly in those climates which are the most 
liable to e of gp ogy lightning: 
DR. Museu s OB5uRVATIONS oN POINTED 
| | CONDUCTORS, 


Dr. n in none of the passages W he: 
| ets of the efficacy of sharp- pointed conductors 
to prevent electrical explosions, has expressed any 

doubt of their being universally preferable for this 
purpose to those which have a blunt or spherical 
termination. The same observation may be made 
of the other gentlemen who are the advocates for 
this doctrine. It may therefore be assumed, that 
both he and they mean to assert an universal pro- 


: ; position, That Sharp points will, in all cases, draw 


off the electritul Aud silently within the distance at 
which rounded ends toill explode; or, at least that 
the farmer sort will in no cuse receive an explosion at 
a greater distance thim the latter. Though I dis- 
Sent from this doctrine, Ido not mean to assert 
the contrary universal proposition, but only to 
deny the universality cf that asserted by Dr. Frank- 

' Ga, which I eg; to 2150 sometimes wa und. 

| by sometimes 58 AP | 5 
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But, before I 1 to specify the 0 
cases in which the sharp and the blunt termina- 


tions are respectively more liable to electrical ex- 


plosions, it may be of use to shew, what many 
gentlemen seem not to be thoroughly aware of, 
that sharp points, having the most perfect com- 
munication with the earth, are not wholly exempt 
from receiving them. My first authority shall be 
Dr. Franklin himself. Let a person,“ says he, 
p. 60, „standing on the floor, present the point 
of a needle of twelve or more inches from it (the 


prime conductor,) and while the needle is so pre- 


sented, the conductor cannot be charged, the 
point drawing off the fire as fast as it is thrown on 


by the electrical globe. Let it be charged, and 


then present the point at the same distance, and 


it will auddenly be discharged.“ The word aud. 
dieuly means, I suppose, that it will receive an 


explosion; that being the most natural and ob- 


vious proof of the suddenness of the discharge. | 


The same thing is more directly aggerted- by 
Mr. Henley, in vol. xiv. p. 138, of the Phil. Trans. 
where he informs us, that, in discharging three of 
his large jars, to the coating of which he had con- 
nected wire nicely tapered to a point, the fire 


flew to the point, and the jars were discharged 


equally deeisive proof is furnished by Mr. Nairne's 
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trary view. For, when the double or interrupted 
conductor was used, and the second conductor 
fixed - down by screws at about three inches dis- 


tance from the first, the point presented to the 


contrary end of the second conductor was found 


to receive a strong and loud explosion, with a 
white: light, at the distance of at least three inches. 
If we compare this experiment with another 
very common one, exhibited at the same time by 
Mr. Nairne, the comparison will perhaps lead us 
to the discovery of a principle upon which elec- 
trical explosions very frequently depend; Though 
the point, in the circumstances above-described, 


received so strong an explosion, yet, when it was 


presented directly to the prime conductor, it re- 
ceived no explosion whatever at any distance, 


unless a succession of weak sparks at the distance 


of about a quarter of an inch can be called 80, 
Jo what must this difference be attributed? 
Plainly to the different quantity of electric fluid 
accumulated on t e prime conductor in the one 
and the other case. Where the point is presented 
to the prime conductor, from the time the ma- 
chine begins to work, the property which is attri- 
buted to them, and which in some cases they 
really possess, of stealing away the electricity 
_ silently; this property, I say, operating from the 
very beginning, prevents the electric fluid from 


being accumulated in the prime conductor, and 
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of course the quantity of it will always be small. 

But, when a double or interrupted conductor is 1 

used, the second conductor receives no electricity _ = 
! 


till the prime conductor is pretty highly charged, "ml 
and, if put at the greatest striking distance, not * | 
till it is fully charged, and consequently the sharp 9 
point presented to the opposite end can carry 1 5 
away none of it till tbat time; when the whole M 
quantity is thrown off at once. It should seem A 1 
then, that the explosion in one case, and the non- =" 
explosion in the other, depended wholly upon the 1 
different quantities to be tbrown off: whence it ; 1 


Will follow, that though a small quantity of elec- 
tricity will pass off silently upon a point, yet that 
this power is very limited; ſor, that if a somewhat 
greater quantity be applied suddenly to a sharp = 
point, it will not pass off silently, but create an 7 

explosion in proportion to its density. The xx. | 
periments in this Essay demonstrate, that a bro- 
ken communication will occasion the harp point 
to receive an explosion. „ 
Let us now wee more „ the 
practical question, whether the sharp- pointed or 

the blunted conductors, be the best preservatives 1 

from lightning. And here it is necessary to ob; 

serve, chat buildings may be exposed o a strk R 2 
of lightning. in several different ways. The light.. 

ning, which to avoid prolixity I shall only spes 


- . of as positive electricity, the lightning, I say, mon 
7 5 5+ „ | - , | 8 N 3 
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arctittiuhii directly « over the building; or it may 


be brought towards the building by a small cloud 
fetching it in several suegessive trips from a large 
cloud at some distance; or a large electrified cloud 


may be carried rapidly towards it by the wind, a 
circumstance this by no means rare, there being 
no less than four instances of it upon record in 
the Phil. Trans. vol. xlix. p. 16 and p. 309, vol. 


Idi. p. 72, and vol. Ixiv., p. 351. In the first of 
these supposed cases, a e eite conduętor 


might possibly drain the cloud of its lightning as 
fast as it began to accumulate, and thereby pre- 
vent any explosion whatever. In the second, as 


the cloud, by supposition, not being driven in 


By one direction by the wind, could not move with 


any remarkable velocity, it is reasonable to i ima- 


gine, that in this case also there might be no 


explosſob, and that the electricity of the larger 


cldgud might bes gradually exhausted. But if, 
adbcofding to the third supposition, a cloud of 
5 : great extent non highly electrified should be 
driven with gfe 
as to pass aueh over the sbarp- pointed condue- 
tor, there can be no doubt but that such a point 
from its superior readiness to admit electricity, 
would take the explosion at a much greater dis- 
dance than a rounded end, and, in prop t 
the difference of that nerds, distance, would 4 wal 


Jocity in such à direction, so 


niischief instead ar art 7 


o POINTED CONDUCTORS, 339 


But, perhaps it will be said, that every stroke of 


lightning falling upon a sharp point is previously 
diminisbed by that point, and therefore may more 
easily be transmitted through the conductor than 
when it falls undiminished upon a rounded end. 
Upon this supposition, I must observe, that it not 


only contradicts Mr. J/ilson's experiments at the 


Pantheon, but also Mr. Henley's experiment. al- 
ready referred to in this paper, where the fire flew 


to a very taper point, and melted the end with a 
strong and loud explosion. So also the sharp- 


pointed conductors affixed in America to the 
bouses of Mr. West, Mr. Raven, and Mr. Mayne, 


do not seem to have diminisbed the force of the 


explosion, if we may judge from the violence of | 
its effects as related at large in Dr. Franklin's 


works. It should seem, therefore, that the power 


of diminishing a stroke, like that of preventing it, 


is only contingent, and depends, as we said be- 
fore, upon the degree of ao: With which. the 


lightning moves. 


The sum of the whole is, that ne how | 
minated by sharp points are gometimes advänta- 


5 geous, and at other times prejudicial. Now, as 


the purpose for which conductors are fixed upon 


buildings is, not to protect them from one parti- 


cular sort of clouds only, but, if possible, from all, 
it eannot surely be adviseable to use that kind of 1 
conductors, which, if they diminish N on Wo 
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one hand, will increase it on the other. It is the 


duty of a pilot to keep out of the way of rocks; 
but it is also incumbent upon him, in avoiding the 
rock, not to take so large a compass as to run | his 5 


N upon a quicksand. | 
When I say that sbarp- pointed e _ 


in some cases diminish danger, I speak of them 
perhaps rather too favourably; for, their power of 


Stealing away the electric, fluid being confined to 
cases where the accumulation is small, it follows, 


that they afford no protection where the danger is 


great and imminent, and only obviate that which 
is distant and problematical. The cases against 
which we wisb principally to provide, are the ex- 


plosions of extensive and highly electrified clouds; 


and here we have seen that blunted ends, as act- 
ing to a much smaller e are entitled to the | 
3 1 e a 
If it be admitted, chat os ate ee 
are attended with any, the slightest degree of 
danger, how much must that danger be aug- 
mented by carrying them high up into the air, by 
fixing them upon every angle of a building, and 


making them project in every direction? Ought 
this to be advised while there is still a e of the | 


8 on their eee mischief 5 


1 
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OBSERVATIONS ON THE ACTION OF CONDUC- 


ros, &c. BY THE EDITORS OF THE ENCY- 
-CLOP.EDIA BRITANNICA., | 
Ever since the discovery of the iderftity of 
ene and lightning, it has been allowed by“ 
all parties, that conductors of some kind are in a 
manner necessary for the saſety of buildings, in 
those countries where thunder storms are very 
frequent. The principle on which they act is 


this; that the electric fluid, when impelled by 


any power, always goes to that place where it 
meets with the least resistance. Now, as metals 
are found to give the least resistance to its passage, 
it will always choose to run along a metalline rod, 


in preference to a passage of any other kind. But | 
it is necessary to observe here, that electricity | 


never strikes a body merely for the sake of the- 
body itself, but as by means of that body it can 


arrive at the place of its destination. When a 
quantity of electricity is collected from the earth, 


by means of an electric machine, a body commu- 
nicating with the earth will receive a strong spark 
from the prime conductor; it receives this spark, 
not because it is capable of containing all the 
electricity of the cylinder and conductor, but 
because the natural situation of the fluid win 
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of it is sent off from the earth. The natural 
powers, therefore, make an effort to supply what 
is thus drained off from the earth; and, as the 
individual quantity which comes out is most pro- 
per for supplying the deficiency, as not being 
employed for any natural purpose, there is always 
an effort made for returning it to the earth. No 
sooner then is a conducting body, communicating 
with the earth, presented to the prime conductor, 
than the whole effort of the electricity is directed 
against that body; not merely because it is a 
conductor, but because it leads to the place where 
the fluid is directed by the natural powers by 
which it is governed, and at which it would find 
other means to arrive, though that body were 
not to be presented. That this is the case, we 
may easily see, by presenting the same conducting 
substance in an insulated state to the prime con- 
ductor of the machine, when we shall find only a 
small spark will be produced. In like manner, 
when lightning strikes a tree, a house, or a thun- 


. der rod, it is not because these objects are high, 


or in the neighbourhood of the cloud, but be- 
cause they communicate with some place below ? 
the surface of the ground, against which the im- 
4 petus of the lightning is directed, and at that 
= place the lightning would certainly arrive, though 
none of the eee eee had: TOY 


a e 
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© When the 1 begins to be electri- 


45 either negatiyely or positively, the earth, by 


means of the inequality and moisture of its sur- 


face, but especially by the vegetables which grow 
upon it, absorbs that electricity, and quickly be- 


comes elcctrified in the same manner with the 


— 


atmosphere; this absorption, however, ceases in a 
very short time, because it cannot be continued 
without setting in motion the whole of the elec- 


tric matter contained in the earth itself. Alter- 
nate zones of positive and negative electricity 


will then begin to take place below the surface of 
the earth, for reasons given in the course of this 
Essay: between the atmosphere and one of these 
Zones the. stroke of lightning will always be. 
Thus, supposing the atmosphere is positively clec- 


triſied, the surface of the earth will, by means of 


trees, &c. quickly become positively electrified | 


also, we will suppose to the depth of ten feet; the 
electricity cannot penetrate further, on account 
of the resistance of the electric matter in the 
| bowels, of the earth. At the depth of ten feet 
from the surface, A Zone of negatively electrified 
earth begins, and to this zone the electricity of 
the atmosphere is attracted; but to this it cannot 
get, without breaking through the positively elec- 
trified zone which lies uppermost, and shattering 
to pieces every bad conductor which lies in its 
Way. 1 are therefore sure, t in whatever 


\ 
| 


» 


V 


4 
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Place the outer zone of positively electrified earth 


is thinnest, there the lightning will strike, we- 
ther a conductor happens to be present or not. 
It there is a conductor, either with a knob or 


: sbarp-pointed, the lightning will infallibly strike 
it: but it would also have struck a house situated 
on that spot without any conductor; and, if the 
bouse had not been there, it would have struck 


the surface of the ground itself. Again, if we 
suppose the house with its conductor to stand on 
a part of the earth where the positively electrified 


krone is very thick, the conductor will neither 


silently draw off the electricity, nor will the light- 
ning strike it; though perhaps it may strike a 


much lower object, or even the surface of the 


ground itself at no great distance; the reason for 
which undoubtedly is, that there the positively 
electrified zone is thinner than where tho'e con- 
„ nr Ne 6G 1 
| e ber a e e n 
exhaust a thunder cloud of its electricity, must at 
first sight. appear trifling, to insist on it, ridicu- 
lous,” Innumerable objects are all conspiring to 
draw off the eleetricity, as well as the conductor, 
if it could be drawn off; but of the effecting this, 
there is an impossibility, because they have the 


same kind of electricity with the clouds them- 
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* Besides, Beccaria has observed, that during 


the progress and increase of the storm, though the 
lightning frequently struck to the eartb, yet the 
same cloud was the next moment ready to make a 
greater discharge, and bis PP e to 
be as much affected as ever. . 
The conductor has not even the power of 


attracting the lightning a few feet out of the di- 


rection it would choose itself; of this we have a 
most decisive instance in what happened to the 
magazine at Purfleet, in Essex. That house was 


furnished with a conductor, raised above the 


highest part of the building; nevertheless, a flash 
of lightning struck an iron cramp in the corner of 


the wall of the building, considerably lower than 


the top of the conductor, and only Ned it feet in 
a sloping line distant from the point. 8 
The conductor, with all its power of 8 
off the electfic matter, was neither able to prevent 
the flash, nor to turn it forty-six feet out of its 
way. The matter of fact is, the lightning was 
determined to enter the earth at the place where 
the Board- house stands, or near it; the conductor 
| fixed on the house offered the easiest communica- 


tion, but forty-six feet of air intervening between 


the point of the conduetor and the place of the 
explosion, the resistance was less through the 
blunt cramp iron and a few bricks moistened with 


the rain, to the side of the metalline conductor, - 
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than . the forty- six feet of air to its 2 
for the former was the way in which ho: en 


ae passed. 


4 The Ae kind of 8 is the most 
eee because it must overcome a very vio- 
lent resistance of the atmosphere; and, wherever 


tthcat resistance is in the smallest degree lessened, 

there it will undoubtedly strike, and even at a 

considerable distance. It is otherwise with that 

kind that appears in flashes of no determinate 

_ form; the electric matter of which is evidently 

dissipated in the air by some conducting sub- 
stances which are present there, hy they are 


therefore rendered less powerful. 
The most destructive kind. of lightning is 


| Ren which, assumes the form of balls. These are 
produced by an exceeding great power of clectri- 
eity, gradually accumulated till the resistance of 
the atmosphere is no longer able to confine it. 
An general, che lightning breaks out from the 
eee, ale di by means of the approach of 


wa 


g substance; but the fire-balls 


seem hoy e. . not because there is any sub- 
stande at hand bo attract the electric matter from 
the cloud, but because the ele ; 
Hated in such a quantity, that the cloud. can no 
longer contain it. Hence, such balls fly. off 
| "wes and haye no particular destination; their 


trieity ĩs aceumu- 


arance MT a ene commotion Sl 
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accumulation af electricity in the atmosphere, 
without a proportionable disposition in the earth 
$0 receive it. This disposition is, however, altered 


by a thousand circumstances, and the place which 


first becomes most capable of admitting electricity 
will first receive a fire-ball. Hence, this kind of 


lightning has been known to move slowly back- 
wards and forwards in the air for a considerable 
time, and then suddenly fall on one or more 


houses, according to their being more or less af- 
fected with an electricity opposite to that of the 


Ny ball at the time. It will also run along the ground, 
break into several parts, and TOR We ex- 


plosions at the same time. 
© It is very difficult to imitate 5 Kind of 


| : | lightning in our electrical experiments. The only 
Cases in which it hath been done in any degree, 
are those in which Dr. Priestley made the explo- 


sion of a battery pass for a considerable way over 


= for a conductor. The negative side of the battery 
was its place of destination, but to that it could 


the surface of raw flesh, water, &c. In these cases, 
if, while the electric flash passed over the surface 


of the flesh, it had been possible to interrupt tbe 
metallic circuit by taking away the chain, the 
cleetric matter discharged would have been pre- 
Cisely in the situation of one of the above- men- 


tioned fire-balls; i. e. it would have been at a loss 


not 1 have got, ne orf the _—_ PO 


* 


* 


5 LD: a better 
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of atmosphere which lay in its way, and the inca« 


pacity of the neighbouring bodies to receive it. 


But, while the electric matter was thus stationary 


for want of a conductor, if any one standing near, 


or touching the negative side of the battery, pre- 


sented a finger to this seemingly inoffensive lumi- 
nous body, he would be instantly struck very vio- 
lently, because a free communication being now 
made by means of his body, the powers by which | 
the electric fluid is impelled from one place to 
another would urge it upon him. But if we sup- 
pose a person, who has no communication with tbe 
battery, to present his finger to the same body, he 
may perhaps receive a slight . from i it, bat not 
a sbock of any consequence. = 
{6 We may now account for the 8 401 I 
- pricious / nature of all kinds of ligbtning, but 
especially of that kind which appears in the form 
of balls. Sometimes it will strike trees, high 
houses, &c. without touching cottages, men, or 
5 eee who are in the neighbourhood; in otber 


ces, low houses and cattle have been struck, 


:aped.*' The reason of this 1 is, that. 


i. 
17 


: 55 * « Of 8 _ kate! inatfoger at eat 8 in a 
paper read by Mr. Achard at the Berlin Academy of Sciences. 4 . 
And Beccaria cautions persons from depending on a 2 8 on, 5s 
better oonduetor than their own. . ee ON 


- 


. while. dien trees and steeples in the neighbour- : 
in thunder storms chere is a zone me: nee ant 
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derably under the surface which che lightning 
desires to strike, if we may use the expression, 
because it has an electricity opposite to the light- 
ning itself. Those objects, therefore, which form 
the most perfect conductors between the electri- 


fied clouds and that zone of earth, will be strucx 


WE, lightning, whether they are high or low. Let 


us suppose a positively electrified cloud is formed - 


over a certain part of the earth's surface; the elec- 


tric matter flows out from it first into the atmos- 


phere all around, and while it is doing so, the 
atmosphere is electrified negatively. In propor- 
tion, however, as the current pervades greater and 
greater portions of the atmospherical space, the 
resistance to its motion increases, till at last the 


air becomes positively electrified as well as the 


cloud, and they both act as one body. The sur- 
face of the earth then begins to be electrified, and 
it silently receives the electric matter by means of 


the trees, grass, &c. which grow upon its surface; 


till at last it becomes also positively electrified, and 
begins to send off a current of bn e the 
surface downwards. * 


„ The causes which first Nö He 44. 
city still continuing to act, the power of the elec- 
trie current becomes inconceivably. great. The 


danger of the thunder storm now begins; for, as 


the force of the lightning is directed to some place 


below the surface of the earth, it will certainly 
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dart towards that place, and shatter every thing to 


pieces which resists its passage. | 
Tbe benefit of conducting rods will now —_ | 


1 epident, For, we are sure the electric matter 


Vill, in all cases, prefer that way where it meets 
- with the least resistance, and this is over the sur- 


face of metals. In such a case, therefore, if there 
happen to be a house furnished with a conductor | 


directly below the cloud, and at the same time a 
zone of negatively electrified earth not very far 
below the foundation of the house, the conductor 

will almost certainly be struck, but the building 


will be safe. If the house wants a conductor, the _ 


| lightning will nevertheless strike in the same 


place, in order to get at the electrified zone above - 


mentioned; but the building will be now daq- 


maged, because the materials of i it cannot W 


een En. . 


ad; | Britannica, Art, Lightning, "ol. 1. 


That the A: jus which bin und nina te the thun 
dercloude, issues fi places far below the surface of the earth, 5 


and buries itself there, is, probable from the deep holes that he 
been made in many places by lightning, by the violent inunda - 


tions that have accompanied thunder storms, not occagioned by = 
rain, but by water bursting from the bowels of the earth, from 


which it must have been dislodged by some internal eke e 
, __ See ee ve SOM I 5 328. 
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* 4 1 


As air is an electric; it will receive a charge like 


WE, 


all other electric substances. To this property 
may be ascribed many of the phenomena which 

are observed in the course of the common electri- 
cal experiments; for, the air which surrounds an 


electrified non · electric is always in some degree 


charged with the fluid, and thus acts upon the 


atmosphere of the electrified conductor, not only 


"nr its pressure, but also by its acquired electric | 


powers; and that it pervades the air to a consi- 
derable distance, is evident from the different 


methods oy which the air of a room wy be eleg= 


trified. 
Cover two large We with tin-ſoil; ome 5 
one by silken strings from the ceiling, and then 


connect it with the conductor; place the other 


bourd parallel to the former, on an insulating 
Stand that may be easily raised or lowered, to re- 
regulate the distance of the plates from each other. | | 


Or, place the boards in a vertical situation, on 


insulating 8tands of the same height. In most 
cases this fo 


m will be found the most convenient. 


4 F 1 
i b 
n 


SJ 5 


mm: 'To THARGE * 


These 1 may be „ as the coatings 


to the plate of air which is between W 


EXPERIMENT -ecix. Connect the upper 


upper one will be electrified positively, and the 


under one negatively; the space of air between 
the two plates acts as a plate of glass, it separates 
and keeps asunder the two electric powers. 


Touch the negative plate with ene hand, and the 


14. 


The two pl 8 5 05 in . 1 aa 


strongly attract Hs other, and will come to- 
gether, if they are not kept asunder by force. | 
A spark will sometimes pass between the plates, 
and destroy the electricity of each. If an emi- 
nence is placed on the under plate, the spark, in 
© the spontaneous discharge, will strike it. The 


1 


board with the positive conductor, and the other 
with the ground; turn the cylinder, and the 


upper one with the other, and a shock will be re- 
ceived similar to that from the Leyden jar. 
The electric sbock will always be felt when ; 
ever a quantity of the fluid passes through, any 
body i in an instantaneous manner, and the force | 
of the shock will be proportional to the quantity 
of electricity accumulated, and the ease with 
_ which it can escape; for, che whole energy of the 
electricity depends on its tension, or the force 
with which it nay to 55 off fre the elec- 
triſied body. 5 


PLATE OF AIR. . 


, 


experiments with these boards will be more pleas- 
ing, if one surface of the upper board is covered 
with gilt leather. The two plates, when charged, 


are supposed to represent the state of the earth 
and the clouds in a tbunder-storm; the clouds 
being in one state, and the earth in an opposite 
one, while the plate of air acts as the electric, and 


the spontaneous eee exhibit the «IR 


of lightning. 5 F 


An observation has been made on "os experi-. 


ment, which seems to affect one of the principal 
supports of the received theory. I have subjoined 


1 it, in order to invite those who are conversant 
with Keie, to a ber enten of the 


: 


| subject. E 5 V 


In this eee it seems n to W 
that air is penetrated by the electric fluid. The 
distance between the plates is so small, that it 
must appear absurd to say, that this space is pene- 


trated, only by a repulsive power, when in other 
cases we see the fluid pervading much greater 
spaces of air. But, if one electric substance is 
penetrable hy the electric fluid; we must be led 


strongly to suspect at least that all the rest are o 
too. 11 Slass was altogether impenetrable to the 
5 fluid, it is natural to think that it would run over 


its surface very easily; but, instead of this, 80 


great is its propensity to enter, that a shock sent 


through between two glass plates, if they ure 


— 
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pressed pretty elose together, always breaks them 5 
to pieces, f and even reduces part of them to à 


powder like sand. This last effect cannot be at- 
tributed to any other, than the electric fluid en- 


tering the pores of the glass, and, meeting with 
resistance, the impetus of its progressive motion 
violently forces the vitreous 7 Rs asunder in 


all directions. 
ExrERIMEN T cox. Turn FO side of the 


upper board, on which the gilt leather is pasted, 

towards the lower one; place one or two small 
metal bemispheres on the lower board; connect 
thbe upper board with the positive conductor, and 


the lower one with that which is negative, put the 


machine in action, and the upper board will dis- 


charge the whole of its contents on one of the 
hemispheres in a strong flash, attended with a 


*  sinart explosion; vivid corruscations of electric 
light will be seen darting in various directions on 

ie surface of the gilt leather. This, experiment, 
says Mr. Becket, is more than a resemblance of 

lightning, it is nature invested in her own attire. 


- Connect a coated jar with the positive conduc- 


tor, so chat it may be discharged with the tans; 4 
. ww the ene of Hight win extend eons and he 
explosion will be louder. e eee ö 


ExPRRIMRENT Ccxr. Place ahi wire, 3 10, 


Wich che ſenthers tied to it, in the middle of one 
ON; — 


oards; __ divergence yy not 


* 8 


| great rapidity, and agit: 
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be near 80 much in this situation, as when they 


are at the edge of the board. If a piece of down 


or a feather is placed near the edge of the board, 


it will fly off to the nearest non-electrified body; 


but, if it is placed in the middle; it will be a con- 


ziderable time before it will move, and it will 
scarcely shew any signs of attraction, 
. ExegRINENT CCx1t: Place bran; or small 


__ of paper, near the center of the lower 


board; when the machine is put in action, these 
will be alternately attracted and repelled with 


A pleasing variation is made in this experiment by 
taking off the chain from the lower board, and 
now and then touching it with the hand; touch 
both boards at the same time, and the motion 


ceases. But, the most surprizing appearance in 


this experiment is, that sometimes when the elec- 
tricity is strong, a quantity of paper or bran will 


accumulate in one place, and form a kind of co- 
lumn between the boards; it will suddenly acquire 
a swift horizontal motion, moving like a whirling 
. Pillar to the edge of the boards, and from thence 
fly off, and be Scattered about the room to a con- 
siderable distance. „ ks 
ExPERIMENT CCX111. Take two jars, 1 | 
charged positively, the other negatively; place 
: them on the: insulated board, but as far from 
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ed in an amazing manner. 
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or THE ELECTROPHORUS, AND MR. BENNET'S 
8 5 85 EXPERIMENTS THEREWITH. | N 
f | . * N 

| * IG. 73 75 represents an e ee This in- 
strument was inyented by Mr. Volta, of Coma in 


Italy, It consists of two plates of a circular. 


with a stratum of an electrical substance, gene- 
rally of some negative electric, as wax, sulphur, 
Ke. the en plate, is of be, with a ghee * 


| 8 eser base zee heuer for 

an elec trophorus than those made only of glass, 

not only as they are less affected by the humidity _ 
of the air, but as they seem to have the power of 
retaining longer the eee hies is me: 
nicated to te. 1 5 Bag 
Io use chis apparatus, Ba excite 1 hitter | 
plate, by rubbing its coated side with a piece of 
clean dry flannel, or harerskin; when this plate i is 
| well, excited, it is to be laid on the table with tñe 
electric uppermost. Secondly, Mok the metal 3 


Ih in August 1762, contrived : 2 resinous appara- | 
tus, to which he pave the name of eee rug - -- 2; 
dee Seripta aide „„ TTT 


i 


* 
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plate upon the electric as in PS 74 ind 75. 


Thirdly, touch the metal plate with the finger, or 
any other conductor. Fourthly, separate the me- 


tal plate from the electrie by the glass handle. 


This plate, when raised to same distance from the 
under one, will be found strongly electrified with 


the power which is contrary to that of the electric | 


plate, and will give a spark to any eonductor that 


1s brought near it, By repeating this operation, 


1. 6. by setting the metal plate on the electric, and 


then tonching it with the finger, 'a great number 


of sparks may be wires roman without LY 
| freah excitation of the elerttic. = 


ExrERIMENT ce TV. By eakwinlng 1 the der 
crophorus with small pith balls, we find, | 
-1/” That as saon as the upper plate is basel on 


an slectrophorus of wax, it acquires a weak posi- 
tive electricity; and the pos if (Sf pory een 5 
eleetropherus of glas. 


. Po when he upper plate is touched by d the 
finger, it loses all its electricity, - ese 


3. When the upper plate is e by the 


10 finger, and meme from the electrophorus, * 


ecquires 3 strong negative electricity, if the elec- 


trophorus is of en and a Oe ay; if 
5 it is of wax. 334 BY . 65 ok 


The electrophorus may e ee as N 


Ly several begiagntal at 50 fan ARG Gs * 


„ 


5 N 


* 
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cation, it is insulated by the inferior Strata, Now 

all insulated electrics preserve their electricity a 

considerable time, and it is from that cause that 

the Wb of the clamps continues 80 
long. 

15 * SO and excited glass indoors the negative 

electricity on bodies brought within the sphere 


circumstances, produce the positive electricity. 
| Therefore, the surface of the electrophorus ought 
to communicate immediately a positive electricity, 
it it is of wax; the negative, if it is made of glass: 
which is perfectly conformable to experiments. 
But when the upper plate is touched by the finger, 
the upper surface of the electrophorus eeases to 
be insulated, and gives the negative eleetrieity to 
the upper plate, if it is of glass; and the contrary, 15 
if of wax; agreeable to the eee eee 
which are described in this Essay. 5 
Electric bodies do not put the Auid in that 
degree of motion, which is necessary to produce 
the spark, or exhibit the phenomena of attraction 
5 and repulsion, while they are in contact with 


the upper plate exhibits no signs of electricity 
while it remains in contact with the under one, 
1 though they 8 ee the instant it is re- 

| moved from it. . 2 5 


ucting substances; which is the reason why | 


3 
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In the case of a glass electrophorus, as it is 
a case which admits of a somewhat easier illustra- 
tion, the excited plate acts upon the electric 
matter naturally contained in the upper brass 


plate, so as to repel a part of its natural quantity 
from it in form of a spark, at that part where the 


finger is applied to it. If the brass plate in this 


state is lifted up by its handle, it will receive a 


spark from the finger. On being replaced, and 
the same operation taking place, the same result 
will be obtained; which may be continued for a 
great length of time, without diminishing the 
virtue of the excited electric, which in fact does 
not part with any of its on electricity, but only 5 
repels a part of what is in the upper plate, which 5 
is repeatedly restored to it from the earth by the | 
Person who makes the experiment. 


„ 


ExPRRIMENT cx V. Place a piece of 3 


8 . an excited electrophorus, it may be of any 
shape; a pair of triangular compasses are very 
convenient for this purpose. Electrify the piece 


of metal with the power which is contrary to 


that of the electrophorus, a and then remove it by . 
means of some electric, and afterwards Sift, upon 
the electrophorus some finely - powdered resin, 
which will form on its surface curious radiated | 
figures. When the plate is negative, and the 
piece of metal positive, the powder forms itself 


ve 


F 
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principally about those parts where the . was 


placed; but, if the plate is positive, and the spark 


is negative, the part where the metal touched 


will be free from ponders and the other parts more 
covered. 

EXPERIMENT COXxVI. To, recover 9 — force wy 
0 electrophorus by itself. Place the metalli ic cover 
on the resinous cake, touch it as usual; then take 
it up, and discharge it on the knob of a Leyden 
jar; repeat this operation several times, and then 
place the jar on the cake, and move it over its 
surface, holding the jar by the knob; this will 
augment the force of the electrophorus, and by 


reiterating the ee it will een dern ge 


erful. : | | 

ExpERIMENT. ocxvII. 8 a wen 3 
mug, and suspend a pair of small pith balls WF 
silk, so that the whole of the electrometer may be 


within the mug; electrify the mug, and the elec- 


trometer will not be in the least affected. The 
similar atmospheres counteract each other; and, 
as no contrary power can take place in the elec- 
trometer, it will remain uneleetrified. Touch the 
mug with some conducting aabets tee, and it will 
immediately attract the balls. 
EXPERIMENT GcXvIII. Suspend a small cy- 
linder of gilt paper by tin-foil, and then touch the 
electrified and insulated mug with it; a spark will 


3 pass between them, and the electricity will be 


— 


% 
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diffused in 3 in proportion to their capacity 
Now plunge the insulated cylinder to the bottom 
of the mug, and it will restore to it the electricity | 
it had received, but does not give the least Sign of 
electricity when taken out, 

EXPERIMENT CCxix. Connect a pair of pith 
balls with an insulated metal vessel, in which a 
metal chain is placed; raise the chain by means 
of a silk thread, and the divergence of the balls 
will diminish in proportion as the chain is raised 
and displayed; shewing, that the electricity is 
rarefied, and its density is diminished, in propor- 
tion as it spreads itself from the surſace of the 
vessel on the extended chain; which is confirmed 
by the balls diverging again when the chain is let” 
down into the vessel. This experiment affords an 
easy solution for many of the phenomena of at- 
- mogpheric electricity; as, why the vapour of elec- 

trified water gives such small sigus of electricity, 
and why the electricity of a cloud is S by 

"_ compresstd or condensed. . 
| ExPERINENT cexx. Excite a cls of white 
| flannel, or a silk ribbon, and take as many sparks 
from it as it will give; then double or roll it up, 
and the contracted flannel will be strongly eleo- 
| trical, h spark 5 ain eme, out e erg, of e 


11 
2 
. * 
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NEW EXPERIMENTS WITH MR. LICHTENBURG's 
LARGE ELECTROPHORUS, BY THE REV, MR. 

BENNET;. AND EXTRACTED FROM HIS work, 

| ENFITLED, 75 NEW EXPERIMENTS on BLEC- 
ien Fo 


The Glowing experiments are intended 7 im- 
provements on Mr. Lichtenburg's beautiful confi- 


guration; first made on a resinous electrophorus, 
by drawing over it the knob of a charged jar, and 
then rendered visible by sifting powdered resin 


over the plate; which falling very differently, 


according to the circumstances in which the ex- 
periment is made, exhibits the diffusion of elec- 
tricity in a voy. Pleasing manner; see Plate 5, 
fg. 101, 102. 1 5 | 


Mr. Bennet's first BESS IH was-a 1 plats 


fifteen inches square, covered on one side with a 
thin resinous black coating, with tin-foil pasted 
on the other side; for, if the side opposite to the 
resinous one be not a conductor, the electrical 
fluid will not be easily diffused over it. Glass 
was used that the electricity might not be so lia- 
ble to pass through | the small holes and blistered 
places, which cannot well be avoided if the resi- 
nous substance be Rally 92 185 e woods 1. 
| metal. | * 
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As powdered resin projected from a brush is 

negatively clectrified, | there appeared no doubt - 
et that chalk and other powders, which by the 
same means are negatively electrified, would an- 
swer as well, or better; such powders were there- 
ſore tried, and ſound to sueceed remarkably well. 

EXPERIMENT CCxxI. The plate was sus- 
pended by a loop against a wall, that the grosser 
part of the powder might fall to the ground, and 
no more adhere to the plate than was attracted by 
the electricity diffused thercon. A small j jar was 
charged very weakly by one revolution of the 
electrical machine, and alter its knob had been 15 
drawn over the resinous plate, a cloud of chalk 
was projected by rubbing the lump upon a brush 
near the electrified surface of the plate; this pro- 
duced a plain white line without ANF rence: : 


; 4 


ty: oexxII. | When, brows jar T was 
_ charged by three revolutians of the machine, ra- 
enden e upon t the plate at a gonsider- . 
able distance from, cach other. „ Tz 

EXTERIMENN CCRXIIIL. Five or Sin "revaly. 
e caused the electrical fluid to spread upon 
the plate in ramifications very near each other. | 
Close to each branch a small space was left un- 
covered with, Powder, forming, a a Kind af sbade to 
"the figure. Beyond this shade the powder lay 
smooth, ene off N „ 
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Ex ENIMENT C XXIV. With a very strong 
charge the ramifications were close and broad, re- 
sembling white feathers with a very broad shade. 

ExPEIMRNT C XxXv. A circular brass plate 
with an insulating handle was placed upon the 
resinous plate, and a spark from the charged jar 
was communicated to the brass plate; which was 
then taken off by its insulating handle, and chalk 


projected, which produced a very regular circle 


of ramifications about four inches long, proceed- 
ing from the eircumference of the space eovered 
by the brass plate, and within the circle were a 
number of irregular figures somewhat like stars. 
A shock made to pass through the same plate ge- 
nerally produced more distinct ramiſications, and 


sometimes without any stars within the circle; 


and if the brass plate was drawn along towards 
the edge of the electrophorus whilst touched with - 


the knob of the jar, a very beautiful , 7 


plate. 5, fl Ig. 101, Was produced. 1 * 1 * 
+ ExPpERIMENT. CCXXVT. A ee ee and 


negatively charged was drawn over thefplate, and : 


_ afterwards a pointed wire, held in the hand only, 
was drawn! over. the same figure; then chalk was 
projected, which produred ai beautiful: ramified 
figure i in the middle of tbe negative one.):: HC 
4 ExegRIMENT eoxxvni, A conical e 
Vas placed with its base on the middle of the re- 
inous PO and * wy t charge Pn. 


i 


1 


[of 
\ * 


- 
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by connecting the discharging tod with the under 
side of the plate; then a positive charge was 
given in the same manner: the funnel was thrown, 


bf and chalk projected, which produced very 


| beautiful SEN N both within and on. the 


outside of the circle, - 

ExrERIMExXT CCXXV1tr. A knob of — * 

about an inch in diameter was placed upon the 

wire of a jar which was charged highly positive, 
and the knob drawn over the plate so as to touch 


the surface; this produced a beautiful figure, the 


middle of which was smoothly covered with chalk, 


and the sides finely ramified with shades. 


ExrERIMRNT ccxxix. A small candle was 


insulated, and its flame plaved about an inch dis- 


tant from the middle of the resinous plate; then 
the knob of a positively charged jar was suddenly 


brought to the flame, and both the flame and jar 


y taken away again. In this experiment, 


/ when the chalk! was projected, a circular space 


about four inches in diameter as clean and free 
from powder; tlie rest of the plate was covered, 


exnept a great number of small circular.orelliptical | 


spots, which ches that the electrical fluid passed 
to the plate in detached balls, like some atmos- 


pherie meteors; or the plate absorbed from the 85 
4iviaiGontrary' state of warned. Pw a de a 
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EXPERIMENT COXXXx. If a positive figure be 
ſirst drawn, and then a negative one across it, or 
dice versa, when the powder is projected, it is easy 


to distinguish which was first drawn, the second 


appearing to cover the first; and, when the posi- 
tive figure is made last, the ramifications at the 
; - of junction extend farther than the rest, and 
are left without powder; but, if both the strokes 
are positive or negative, the first will APPS, to 
cover the second. | | 
EXPERIMENT CCXXXI. If . bf diffe- 
rent colours are mixed, and projected over the 
figures, some of the colours will prevail on the 
middle and some on the outside, and especially 


if two figures whose electricity is contrary are 
made on the same plate; and most of all, when 
both the electrical states of the figures and powders 
are contrary: for example, if minium, whose 
electricity is strongly positive, and Sulphur, very 
strongly negative, be powdered together, and 
then this mixed powder be put into the bellows, 


and blown upon' the contrarily electrified. figures, 


the powders separate, and the sulphur falls upon 


the Positive figure, and the minium on the 1 5 
ſe ſcbis e a 7385 bee e 
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ol III. reer enkel PLATES; on o 
HE. ADVANTAGES WHICH MAY BE DERIVED 
"FROM. A* IMPERFECT INSULATION; AND or 

- RENDERING" VER SENSIBLE | VERY SMALL” 
pDEeREREG or NATURAL AND ARTIFICIAL 
erer, ; : 


11 KEW" 
8 ; : ' £4 . 3 
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a Conductor, properly, e e 7 "SB Zo 
observations on atmospherical electricity, seldom 
affects the most sensible electrometer when the : 
xy is free. from electrical clouds; but, by means 

of the apparatus now to be described, it will ap- 15 
pear, that, these conductors. are always electrical, "3K 
and. consequently the air that surrounds them 
must be at alh times electriſied. This method not | 
only deter . che existence, but also the quality 
of the electricity, whether positive or negative, 


and ene the n the conductor will not attract Re 


dhe finest thread; but, if a very small attraction 
is visible in the condi e then, 5 e 5 
will give long sparks. 
Tbe electrophorus pay! for his purpose, may 
with propriety be termed a micro-electrometer, or 
| condenser of een CE 1 


7 4 6 4 
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= Whenever the atmospherical conductor gives 


 rufficient signs of electricity, then the condensing 


apparatus becomes useless. For, when the elec- 
' tricity, is strong, it often happens that part of the 


electricity of the metal plate is impressed upon 


the other; in which case the apparatus acts as an 
elgctrophorus, and becomes udfit for our purpose. 

The apparatus adapted for this purpose con- 
sists of the upper plate of an electrophorus, and a 
semi- electric, or an imperfect conducting plane, 
which will only hinder in a certain degree the 


passage of the fluid. Many conductors of this 
| kind may be formed; such as a clean dry marble 
slab, a plate of wood covered with a coat of var- 


nish, &c. the surface of those bodies not contract- 
| ing electricity, or if any should adhere. to them, 
it soon vanishes on account of their semi-conduct- 


ing nature; for which reason they cannot answer 
the end of an electrophorus, but are fit to he nee 


as condensers of electricity. 


Care should be taken however in LOS this is 


| lms. that it be not of too free a conducting 
nature, nor likely to become so by use, it being 
ö abeolutely necessary that the electricity should 
find a considerable resistance in pervading its sur- 


face. In preparing such a plane, by drying or 


otherwise, it is much better to eome too near than 


too far from a non- conductor. 2; A marble slab, or. 


T6 board properly, dried, answers well, and is prefera- 
| TEES . 
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ble to any other plane; otherwise the plate of the 
pn is PR to all bodies: re 8 


me. 


The worst sort of Warble ar card with copaly 
amber, or lac-varnish, and then kept in. an oven” 
for a short time, will answer very well, even with- | 


out previously warming for the experiment. 


This in fact, it may be said, is returning to the 


8 electrophorus; as marble, wood, &c. varnished, if 
they are hot, may be excited by a very slight fre- 


tion, and sometimes by only laying tbe metal plate 


* 
* —— 


on them; to prevent witch, pad Rb by _ : 


without warming. Ac 


The advantages e of this kind ie oi 


| | the common eleetrophorus are, 1. That the var- 
nish is always thinner than the common resinous 85 
stratum of an eleetrophorus; and 2. That the 5 


varnish acquires. a smoother and plainer surface: 


| ; Hence the metal plate cu with! mere 5 be 
| ed to it. n es” 


Any sort o 8 . FR! n 


Li Glen or oiled silk or satin, and any other silk 
stuff that is not. very thick, may de used with 
equal advantage, if it is slightly warmed. Silk ; 
stuffs answer better for this purpose thun those 
made of cotton or wool,” and both better then 


inen. Paper, leather, wood, ivory,” bone, and 
every other sort of imperfect conductors, may be 
f made 0 ahower to a certain . ** * are 


Q 
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previously dried, and kept bot during the experi. 
ment. 

This apparatus is rende more simple by ap- 
Miri the silk, &c. to the upper plate of metal, 
which is fixed to the glass handle, instead of the 
marble or other plate, which now becomes useless; 
for in its stead, a plane of any kind may be used, 
as a common wooden or marble table, even not 
very dry; a piece of metal, a book, or any W. 
conductor with a flat surface. 

Nothing more is requislte in these i 
than! that the electricity, which tends to pass from 
one surface to the other, should meet with same 
- resistance or opposition in one of the surfaces. 
It is immaterial, whether the non- conducting 

or semi-condueting stratum be laid upon one or 

the other of those planes; all that is necessary is, 
that they should coincide together, which renders 
it proper to use two planes that have been ground 
together, and one of them varnished. A single 
metal plate coyered with silk; with three silk 
strings fastened to it by way of handle, ee | 


 . conveniently used for ordinary experiments. 
To; use the apparatus, the upper metal vlats 5 


; must be placed upon the ae, plate _— | 


9 E man W {owt ; 
| „ thus plyced, | let aire com> 


Aa 2 | 3 
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1 * * 


touch the metal you of the; electrophoras, and 
= 2 TONE only. | 
Abe apparatus wa left in that kitbstion s” 
certain time, will acquire a sufficient We, of 
electricity, but very slowly,, © || 
Remove the communicating wire from the me- 
tal plate, and by means of its insulated handle 
oo separate it from the under one; it will now attract 
1 thread, electrify an electrometer, and, if it is 
* _ 8trong, will give sparks, &c. though the atmosphe- 
rical conductor AO 8th 118 0 or . . load 
| . #469) ) a 
It is not easy to ae the exact time neces- | 
gary for this apparatus to remain in contact aug 
- , _ the conductor, as it will depend on many circum- 
stances; for, if there are no signs of electricity in 
=. he: conductor, it will require eight or ten minutes, 
3 but if it attracts ins, . as CEP 1 wal. 
N 10 f is a diffidult, 2 to rene: das ds: . 5 
- i | gree to whigh-/ the eleetrici rieity may be condenged, 
or how much the electrical phenomena may be 
. increased by this, apparatus, as it depends on va- 
|  rious circumstances. The augmentation is, how- | 
ever, greater in proportion as the body which 
supplies the metal plate has a greater capacity, 
and is larger in proportion as the electricity is 
| Ny” gs 5 1 the W con- 
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ductor has scarcely 8 sufficient to attract a 
fine thread, it is nevertheless capable of giving 
such a quantity of electricity to the metal plate of 


the electrophorus, as not only to actuate an elec- 


trometer, but even dart strong sparks. But if tbe 
electricity of the atmospherical conductor is strong 
enough to afford sparks, or to raise the index of 
the electrometer to five or six degrees, then the 
receiving plate of the electrophorus, according to 
tis method, will raise its index to the highest 

degree and give a stronger spark; yet it may be 
FpPlainly perceived, that the condensation is pro- 


portionably less in this than in the other case; for 


this reason the electricity cannot be accumulated 


| beyond. the greatest degree; chat is to say, when | 


it is increaged. so much as to be dissipated every 
way: therefore, as the electric power which sup- 


plies, the condenser is nearest to the highest de- 


gree, the condensation is proportionably less; but 
in this case the condenser is useless, its principal 
use being to collect and render sensible that small 


quantity of electricity, which would Ae re- 


min imperceptible aed unobserved. 


[ 


— 


Hitherto we have adapted our condenser to 


> detecting weak atmospherical electricity, as 
brought down by the conductor; but this, though 
the principal, it not the only use to which it may 


be appl _ 8 will likeviee Gongven age elec . 


3 


ö a jar which is not harp! 


* 
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tricity, wk it is 80 weak as not- to be ditcovers- 


ble by any other means. 


{A Leyden jar charged, and FO dihaterd bo 5 


touching its coated Ai with the discharging rod 
or the hand, appes 


rs to be quite deprived of its 
electricity; yet, if you touch the knob of it with 
the metal plate of the condenser, situated upon 
an imperfect- conducting plane, and immediately 
take up the plate, it will be found to give very 
conspicuous signs of electricity. But, if just 


suffiejent charge is left in the jar to attract a fins 
_ thread, and the metal plate is then brought ta 
touch the knob for a moment, it will, when lifted 
up, give a strong spark, and if touched again, a 
dcecond scarce smaller than the ſormer; and thus s 
Spark Alter * r oY: een cl a er 
| ant \ v3 


This ne of erte e — means of 2M 
d so high as to giye sparks 
of itself, is very convenient for various pleasing 


experiments; as to fire or light the inflammable- 
air pistol or lamp; especially when a person is 
5 provided with one of those jars contrived by 
LY Mr. Cavallo, which, when charged, may be Car- 
tried in the pocket a long time, These jars, as 
- they retain a sensible charge for seyeral days, wil! 


retain an -insensible one for weeks and months; 


e, uch a one Fe cannot 2 be eee Bal ö 
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« * the e in which case it t becomes | 
more than sensible, and sufficient for the experi- 
ments of the imflammahle- air pistol, &c. 


Secondly. If you have an electrical machine 


0 far out of order, that its eonductor will not 
give a spark nor attract a thread, then let this 
conductor touch the metal plate of the condenser, 5 


and continue in that situation a few minutes; the 


— 


machine being still in motion, lift up the metal 
| 12 and you will obtain from it a strong spark. 


Thirdly. If the electrical machine acts well, 


- Jad the conductor is 80 badly, insulated that it will 
not give a spark, either from its being connected 


with-the walls of the room, or by having a chain 


from it ta the table, let the conductor in this state 
touch the: metal plate of the condenser, while the 


machine is in action, the plate will afterwards 


give sutficient strong signs of electricity; which 
denten the great power this craig bes of , 
| Xt and condensing the electricity, | 


Fourthly. Where the . are . 


Ry 


bunte my sensible to discover the quantities of _ 

excited electricity, those quantities may be readily 

___ 'exploxet by the candenser, | For this purpose, 

EEG rub those bodies with the metal plate of the eon- 

dender, which for. this purpose must be naked, 

and if the plate be then presented to an electro- 

meter, it will be ſound considerably electriſed, 

although the body rubbed may have acquired little _ 

| -” Ta Wd od „„ 
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or no electricity.” Tbe Gs whether positive 
or negative, may easily be ascertained, since the 
lectricity of the metal plate must be the'contrary 
of that body on which it was rubbed. Mr. Ca- 
vallo made use of this method to discover the 
eleotrioity of many bodies. But still a better me- 
thod may be used, in case the bodies to be exa- 
mined cannot easily be adapted to the metal plate, 
vis, the metal plate being laid on the imperfect 
conducting plane, the body to be tried is rubbed 
against, or repeatedly stroked upon it, which done, 
the plate is taken up and examined by an electro-. 
meter. If the body tried is leather, a string, cloth, 
velvet, or other imperfect conductor of the like 
sort, the plate will certainly be found electrified, | 
and incomparably more by this means, than if it 
were stroked by the same bodies, whilst standing 
insulated in the air. In short, by either of those 
methods you will obtain electricity from bodies 
Which could hardly be expected to give any, even 
When they are got very dry. Indeed, coals and 
metals excepted, every other body will afford 
some electricity. Electricity may often be ob- 
tained by stroking the plate with the naked hand. 
The metal plate has a much greater power to 
retain electricity when it lies upon a proper 3 : 
as mentioned in the JT ur cen + 
when: To I” 
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It is easy to comprehend, that where the eapa- 


city of ö holding 7 electricity 18 greatest, there the C 


intensity of the electricity is proportionably less, 


for it will then require a greater quantity to raise 
it to a given degree of intensity; so that the ca- 
pacity is inversely as the intensity; by which we 
mean, that endeavour, by which the electricity of 
an electrified body tends to escape from all parts 


of it; to which tendency, or endeavour, the elec- | 


trical phenomena of attraction and repulsion, and 
especially the e of 'cleyation of an Wa. 
ter, correspond. 


That the intensity of 1 must Rn in- 
versely proportioned to the capacity of the body 
electrified, will be ag ee by the fol- 
lowing experiment. | 

ExPERIMENT CCXXXIL. ' Take two 1090 6 
of equal diameters, the one a foot, the other five 
feet long; let the first be electrified till the index 
of the electrometer rises to 605 then let it touch 


the other rod; and in that case it is evident, that 
the intensity of the electricity, being diffused be- 
tween the two rods, will be diminished as the ca- 
pacity is increased; so that the . of theclon- | 
trometer, which before was elevated to 605 will 


1 


re 


5 5 now fall to 105 viz. to one-sixth of, the former | 


intensity. For the same reason; if the lixe quan- 


tity of electricity was communicated to à rod 


60 feet N its er, would be mene . 


| 


„ or vorras 


at and, an the contrary, if the elect 
_ eity of the long conductor was contracted into the 
Goth part of that Oy its intonsity: would be 
increased to 60 
Conductors of different: bulks ho: not oody 
1 ent capacities for holding. electricity, but 
also the capacity of the same conductor is in- 
creased and diminished in proportion as its sur- 
face is enlarged and contracted; as is ahewn in 
Dx. Franklin's experiment of the can and chain, 
e. from which it has been coneluded, that the 
IS ke of conductors is in proportion to me 
: wurlace, and not to their quantity of matter. 
This conolusion is true, hut does nor compre- 
hend the whole theory, since even the extension 
contributes to increase the capacity. In short, it 
appears from all the experiments hitherto made, 
tat the capacity of conductors is not in propor- 
ion to the surfaces in general, but to the surfacea 
which are free or uninfluenced by similar or bo- 
malqgous atmospheres; and further, that tbe ca- 
pauacity of a conductor, neither altered in its ſorm 
or surface, is increased when, instead af remein- 
ing quite insulated, it is presented to another not 
insulated i and this increase is more conspicuous, 
_  as'the surfaces of the Ae kd wo. e larger, and 3 
, | Spproach nearer to each other. : 
ove-mentioned SIS by which by 
| the natural caparity of e is MT aug» 
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mented, has been overlooked," and therefore no 
advantage has . hitherto. been deduced from it. 
| The following experiment will en this — 
capacity in the simplest manner. 
EXPERIMENT COXXXI1T.. Take tha metal 8 | 
af an elcetrophorus, hold it by its handle in the 
air, and electrify.1t so that the index of an clec- 
trometer annexed to it may be elevated to 600 
then lower the plate by degrees to a table or other 
plain condueting surface, the index will graduallß 
fall from 60", to 50?, 40% 30?, &c. and yet the 


quantity of electricity in the plate remains tho | 


same, except it is brought so near the table, as to 
- pccasign a transmission of the electricity from the” 
former to the latter; at least, it will remain as 
near 1. same, as the dampness of the air, &c. will 
permit. The decrease of intensity is owing to 
the inte capacity of the plate, which is nom 
not insulated, or solitary, but conjugaze or com- 
munjcating with another conductor: for, let the 
plate be gradually removed from the table, the 
_ electrometer will rise again to its former e 
namely to 60˙3 excepting the loss that the air, &c. 
may have occasioned during the experiment. 5 
The reason of this phenomenon. is easily derived 
from the action of electric atmospheres. The 
. atmosphere of the metal plate, which for wee 
sent I shall suppose electriſied positively, acts 
npon the table or other conductor to which it is 


1 


{ 4 


* 
9 
. 

* 
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— 80 en the electric fluid. in the table 
retiring to the remoter parts of it, becomes more 
rare in those parts which are exposed to the metal 
plate, and this rarefaction i increases the nearer the 
electriſied metal is brought to the table: if, the 
metal plate is electrified negatively, the contrary 
effects take place. In short, the parts which are 
immersed i in the sphere of action of the electrified 
plate, by contracting a contrary electricity, give 
dhe electricity of the metal plate an opportunity to 
expand itself, and will thus diminish its intensity, 
as is shewn by the depression of the eleetrometer. 
- The two following experiments will throw more 
ngbt upon the ener action of the _ | 
ace pO 46 | : 
eee ccxxXIV. Elecuity 1 flat 5 
ads either both positively or negatively ; 1 
tben bring them gradually towards each other, 
and it will appear, by two annexed electrometers, 
that the nearer they approach each other, the more 
their densities will increase, as all elastic bodies 
re · act in proportion as they are acted on; which 
shews, that either of the two conjugate powers 
has, a much less capacity to receive more fluid 
now, than when singly — and out mo 
ee of the other. ET 
This experiment * 8 the tension of . 
ths electric atmosphere on an electrified conduc- 
tor is 9 when it is contracted into a -omaller- 5 


* 


” 
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1 


bulk; and also, why a long extended e 
will shew less intensity than a more compact one, 
supposing their quantity of surface and electricity 
to be the same; because the homologous atmos- 
pgheres of their parts interfere less with each other 
in the former than in the latter case, and of 
course, * hair action is 006 the re- action is also 
= 2 RETRY COXXXV.. _ Blectrify Ar hs ö 
flat conductors positively, the other negatively, . - f| 
aud the effects will then be just the reverse of the 
preceding, viz. the intensity of their electricities 
will be diminished, because their capacities, or | 
their power and facility of expanding, are in- 5 
ereased, the nearer. the wen come to each. | 
| other. F 17 0 
Apply the ee, 5 1 3 ao ” 
15 to that mentioned before, vix. the bringing the — 
electrified: metal plate towards a conducting plane 1 
which is not insulated; for, as this plane acquires 
a contrary electricity, it follows, that the intensit 7... 
ol electricity in the metal plate must be dimi- ; 
nished, and the annex ed electrometer is depressed 
according as the capacity of the plate is increased. 
c as the density of its atmosphere is diminished; f 
and, consequently, the plate in that situation is 1 
. capable of desen een ene of . 1 


- 


A 1 F ©; 4 £ / 1 


A 


„e ber eee 


Tie will be rendered Sill cherer iy te follows | 
iy experiment, HEL et a 

EXPERIMENT eh: "ts he: con- 
Auer Platts whilst che other electrified plate is | 
upon it; and afterwards separating them, both the 
metal plate and conducting plane; which may be 
called the inferior plane, will be found electrified; 
but possessed of contrary Rn as LO bs 
ascertained by electremetetrsz. 

I the inferior plane is wt voy: 10 thel | 
the dectrified' plate is brought over it, the latter 
with cause an endeavour in the former to acquire a 
| ry electricity, which the insulation prevents 
| ease place; hence the intensity of the elec- 
 trieity'of che plate is not diminished, at least, che 
Aeetrometer will shew a very little and almost 

roeptible depression; wbich small depression 


V doning to che imperfection of the insulation of 


5 kad plane, and to the small rarefaction 
and sation of the electric fluid; which may 
ue place in different parts of the said inferior 
plane. But if, in this situation, the inferior 
per e be tonched se as to cut off the insulation 
moment, „chen it will acquire the ener, 

ST. „and WT OO EPR ae in the ee r 
will be diminished. | 
If the inferior ce a of Ns wks 
were itself a rion-conducting substance, then the 


r 
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same phenomena would happen, vix. the intensity | 


of the electrified metal plate laid upon it would 
not be diminished, This, however, is not always 
the case, for if the said inferior non-conducting. 
plane is very thin, and is laid upon a conductor, 
then the intensity of the electrified- metal plate 
will be diminished, and its capacity will be in- 
oreased by being laid upon the thin insulating 
stratum; as in that case, the conducting sub- 


stance which stands under the non- conducting 
stratum, acquiring an electricity contrary to that 


ol the metal plate, will diminish its intensity, &c. 
and then the insulating stratum will only diminish 
the mutual action of the two atmospheres more or 


less, according as it keeps them at e | 


| ene distances from each other. 


The intensity or electric action of ee metal | 


plate, which diminishes gradually as it is brought 


Nearer and nearer to a conducting plane not insu« 


lated, becomes almost nothing when the plate is | 


nearly in contact with the plane, the compensa- 


tion or natural balance being nearly perfect. 
Hence, if che inferior plane only opposes a small 


resistance to the passage of the eleotricity, whe- 


- ther such resistance is ocasioned by a thin elecs · 
tric stratum, or by the plane's jmperfect conduet- 
ing nature, as is the case with dry wood, marble, 


«C . that resigtance joined to the interval, however 
small, that is between che two plates, cannot be 


| © 
1 


* 


—— 
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1 9 overcome ; by the weak intensity of the dlecuissiy 
ol the metal plate, which on that account will 
not dart any spark to the inferior plane, except 
its electricity were very powerful, or its edges not 
© ua n and will rather retain its electricity; 


ovec from the inferior plane, its 
Wm e ls recover its for 


- ; height. 


. Besides, the electrified plate may even come to 


touch the imperfectly conducting plane, and may 
remain in that situation for some time; in which 


case, the intensity being reduced almost to no- 
thing, the eleetricity will accordingly pass but; 


dlowly to the inferior plane. But the case is dif- 


j 


ferent, if, in performing this experiment, the 


electriſied metal plate touches the inferior plane 


| edgewise, for then its intensity being greater than 


when it is laid flat, as appears by the electrometer, 


the ee eee the small resist · 

ses to the inferior plane, even across 
ſe thin: an because the electricity of one 
plane is ba 


ed by that of the other, only i in 


proportion to the quantity of surface which they 


1 5 oppose to each other within a given distanee; s 
that when the metal plate touches the other plane 
in flat and ample. contact, its electricity is not dis- 


- ipated:-; This apparent paradox is clearly ex- Y 
; plained by the theory of electric atmospheres. 


30 It vis still: more like a paradox, that e 
ö plate with a e or piece of 


N 


3 
* * 
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3 the elcetricity 1 18 communicated to the en e P 
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metal will deprive it wp al its electricity, while 
standing upon the proper plane; so that it gene- 
rally leaves it so far electrified; that when sepa- 
rated from the plane, it will give a spark. Indeed 
this phenomenon could not be explained on the 
supposition, that the finger or metal were perfect 
conductors... But, since we do not know of any 
perfect conductor, the metal or fin ger oppose a 
sufficient resistance to retard the immediate dis- 
sipation of the electricity of the plate, which is in 
that case actuated by a very small degree of in- 
tensity or power of expansion; so that suppose, 
for instance, the piece of metal or finger touching 
the plate took off so much of its electricity, as to 
redues the intensity of the remainder to the 50th 
part of a degree, this remaining electricity would 
be then nothing; but when the plate, by being 
separated from the inferior plane, has its capacity 
so far diminished, as to render the intensity of its 
electricity 100 times greater, then the intensity of 
that remaining electricity would become of two 
: degrees, or more, Hir. sufficient to afford a spark. 
Having considered in what manner the action 
of electric atmospheres modifies the electricity of 
| the metal plate in its various situations, we shall 
now consider the effects which take place, when 


4 Adu ane. upon a metal plane. 9 As the | 
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whole We bas bien proved i in the Peebüchäg 
pages, it is easy to deduce the applications from 


it: nevertheless, it will be useful to exemplify . 


* an experiment. 0 
EXPERIMENT COXXXVIT. RAFT IR "OTA 
jar, or a conductor, 80 weakly electrified that its 
intensity is one-half a degree, or even less; if the 
metal plate of the condenser, when standing 


upon its proper plane, was to be touched with 


that jar or conductor, it is evident that either of 
them would impart to it a quantity of its electri- 
city proportional to the plate's capacity, vis. 50 

much as should make the intensity of the electri- 
city of the plate equal to that of the electricity i in 


the conductor or jar, viz. half a degree; but the 


_ Plate's capacity, now it lies upon a proper plane, 
is above 100 times greater than if it stood insu- 


| lated in the air; or, which is the same thing, it 
acquires 100 times more electricity from the ur 
or conductor. It naturally follows, that when 
the metal ph ate is removed from the proper plane, 
its capacity being lessened so as to remain equal 
to the 100th part of what it was before, the in- 
tensity of its electricity must become 50, since 
the intensity of the electricity in the Jar or con- 
ductor was half a degree. | 
If a small quantity of die e to PR 
| metal plate of the 1 8 anne it to e a 
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strong spark, it may be asked, What would a 
greater quantity do? Why, nothing more. Be- 
cause, when the electricity communicated to the 
metal plate is so strong as to overcome the small 
resistance of the inferior plane, it will be dissi- 
pated. | 
It is easy „ chat if the 0 YR 
of the condenser can receive a good share of elec- 
tricity from a Leyden jar or ample conductor, 
however weakly electrified, it cannot receive any 
considerable quantity 'of it from a conductor of 
small capacity; for this conductor cannot give 
what it has not, except it were continually re- 
ceiving a stream, however small, as is the case 
with an atmospherical conductor, or with the 
conductor of a machine which acts very weakly, 
but continues in action. In those cases it has 
| been observed, that a considerable time is re- 
quired before the metal plate has e a gulf. 
cient quantity of electricity. | 
As an ample conductor, weakly 1 
| gui a considerable quantity of electricity to 
| the metal plate of the condenser, so when this 
plate is afterwards. separated from its plane, the 
electricity in it appears much condensed and vi- 
| gorous; when the same plate contains a small 
Auantity of electricity, such as cannot give a 
spark or affect an electrometer, that electricity 


may be rendered very conipieubus, by communi- 
cating it to another small plate or condenser. 
; & Mr. Cavallo first thought of this improvement, | 
by reasoning on Mr. Folta's experiments. He 
made a small metal plate not exceeding the size 
: of a shilling: this second condenser is of great 


use in many cases, where the electricity is so 
small as not to be at all, or not clearly observable, 

by one condenser only, as has been fully proved. 
Sometimes the usual metal plate of a condenser 
- acquires so small a quantity of electricity, that 
being afterwards taken from the inferior plane, 

and presented to an extremely sensible electro- 
= meter, made by Mr. Cavallo, it did not affect it. 
1 In this case, if the said plate thus weakly. elec- 
= trified was made to touch the other small plate 
; properly situated, and was afterwards brought 
near an electrometer, the electricity was then 


= | generally stronger than yu CR e 180 
x ascertain its quality. . 9 Mp) 19 a 


Now, if hy the help efibork ms the | 
=o intensity of the electricity has been augmented 
—— 1000 times, which is by no means an exagera- 

ʒ„ bow weak must then be the electricity of 
5 de body examined! how small the quantity of 
. ene that is produced by rubbing a piece 
of metal with one's hand! since, when it is con- 

5 yonced: 7 both nn and theit communis 
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' eated to an electrometer, it wil hardly affect that 
instrument, and yet is sufficient to afford convic- 


tion, that the metal can be-electrified by the 
| friction of a person's hand. 
Before the discovery of the condenser, and 9 
Mr. Cavallo's very sensible electrometer, we were 
far from being able to discover such weak excita- 
tions; whereas, at present, we can observe a I 
quantity of electricity incomparably W e than. 
che smallest observable at those times. 2 NE - 
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or THE METHODS or MANIPESTING. THE nz - 
SENCE, AND ASCERTAINING THE QUALITY 
or NATURAL on ARTIFICIAL ELECTRICITY, 


anon Was the first person who constructed 
an electrometer, or iustrument capable of shewing 


Wjuhat was then considered as a small quantity of 


electricity. This instrument consisted of two 
small balls of pith of elder, or of cork, fastened to 
the two extreniſtics. of l linen thread, the widdlo | 
of which was fastened to an oblong wooden box, 
in which the thread and balls were kept when HEE: | 
actually 1 in use. 

Mr. Cavallo found, i in hs course > of bis: experi- 


ments, that these were not sufficiently sensible; 


and that a small quantity of power, being diffused 
through the | x, thread, and balls, had not suff. | 
cient power t ee the balls. 
Jo obviate this, Mr. Cavallo made the lectin. 
meters very short; suspended each ball by a sepa- 
rate piece of silver wire, the upper part of which, 
was formed into a loop, moving in a ring of wire 1 
this he inclosed in a bottle; from whence it ac- 
* the name of the 2 ee. 5 


1 


* 


vpkscRITTIO OF MR. CAVALLO'S BOTTLE 
ELECTROMETER. 


The principal part of this instrument is a glass 


tube, CDMN, plate 4, fig. 76, cemented at the 


bottom into the brass piece, A B, by which part the 
instrument is to be held, when used for the atmos- 
phere; and it also serves to screw the instrument in- 
to its brass case, AB C. The upper part of the tube 


CD MN, is shaped tapering to a small extremity, 
which is entirely covered with sealing-wax; into 


this tapering part a small tube is cemented, the 


lower extremity, being also covered with sealing- 


wax, projects a small way within the tube, 
CD MN; into this smaller tube a piece of wire 


is cemented, which with its under extremity 


touches the flat piece of ivory, H, fastened to the 


tube by means of a cork; the upper extremity. of 
the wire projeets about a quarter of an inch abore 
the tube, and screws into the brass cap, EF, 


which cap is open at the bottom, and serves to 
defend the e . of 18 ee from 
rain, e. 


| IM pre} KN are two narrow 1 tio-foil, 
stuck on the inside of the glass CDMN, and 
communicating with the brass bottom, AB. 
They serve to LOO, that . which, 
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| when the balls Re the glass, is communicated 
to it, and being accumulated, might disturb the 6 


free motion of the balls. rity i 


> To use this instrument for artificial 1 
eleetrify the brass tap by an electrified substance, 


and the divergence or convergence of the balls of 
the electrometer, at the approach of an excited 
electric, will shew the quality of the electricity. 


The best manner to electrify this instrument is, 


to bring excited wax so near the cap that one or 


bottle, CDM N; after which they will soon col- 


lapse and appear unelectriſied. If now the wax 


is removed, they will e e and remain 
eme E e 4 


When this electrometer is to bo used to Ws 
Abel of the fogs, air, clouds, &c. the ob- 


server is to do nothing more than unscrew it from 
its · case, and hold it by the bottom, AB, to pre- 
sent it to the dir a little aboy 
may conveni. thy. see the balls, P. which will 


ve his head, so that he 


immediately iverge, "if there is any electricity; 
i. e. whether positive or negative may be ascer- 


tained, by bringing an excited piece of sealing. 
wax or other der the brass cap, EF, 
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touched, the electricity will appear to 
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Pie . of Mr ä is ks 
We same as that of Mr. Cavallo's. The following 


are the most material circumstances in which they 


differ; first, the fine wires by which the balls are 


suspended should not be long enough to reach 
the tin-foibwhich is pasted on the inside of the 


glass, because the electricity, when strong, will 


cause them to touch this tin- foil twice consecu- 
tively,” and thus deprive them in a moment of 
their electricity. To prevent this defect, and yet 
give them a sufficient degree of motion, it is 
nec to use lune, glows than. Won 5 


3 This omar, may be 1 inste ad of the donde of 5 

NI. Volta, by only. placing it on a piece of "oiled silk, eomewhat 
larger than the base of the instrument; bat, in this case, it is 
the base, and not the top of the instrument, which. must be | 


Pntact with the Substance whose e is to 
: ELIE VILE 


* 


. 


By this \instrument, | it is gay t to ascertain the degree 91 con- 
ducting, Power. in- any substance. For "exaniple, 3 Fr it is placed 
| on an imperfect, c conductor, as 


dry wood 'of marble, and if the 
ment. is _Flectrified strongly, 3 aud aft das! the” top is 18 
0 destroyed; but, on 


will again open, 


lifting up the instrument by the top, the b 


because the imperfect conductor formed with the base a kind of 
electrophorus, by which the eleetrie: fluid condensed and 
Jost its tension, till the perfect conductor was Separated from 
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generally applied to Mr. Cavallo's electrometer; 


4 two or three inches diameter will be found to 
x answer the purpose very well. But, as it is ne- 


cCessary to carry off the electricity which may be 
communicated to the inside of the glass, and thus 

be confounded with that which belongs to those 

. substances that are under examination; ſour 
\\* pieces of tin- foil should be pasted on the inside of 
ite glass: the balls should not be more than one- 

|  * _ twentieth of an inch diameter, suspended by silver 

{ wire, moving freely in holes nicely rounded, 

The bottom of the electrometer should be f 
metal; for this renders it more easy to deprive. al 
them of any acquired electricity, by touching the | 

E. bottom eee eee e same time.? an ae }, 
1 1 a 12, eee n are ain kde le 


e 


he. impert TE one; . if the . had been . 
> perfect, it would have been deprived of its RY mined. 5 
ee on the application of the hand. | 
= - 0 disc Dyer also by this instrument the Kelten 
as of cloaths, hair of different animals, Ke. 
For this purpose, it must be held by the base, and the sub- 
stance rubbed briskly, only once, by the ball of the "Eleatro- 
meter; the kind of electricity may be ascertained in the usual 
manner, It is proper, however, to observe here, that as the 


f top of the electrometer acts in this case as an insulated rubber, > 74 
the e it e is yo Ry to that of the W en — 
Z eee dans as Ales par 2. De macs Tam, | 
; 2 OO Do FRED „ | EE IO 5 5 


Se 


fy first begins to be sensible. 5 EP ESE 
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wy order to eollect a great quantity of electri- 


city from the air, the electrometer is furnished 


with a pointed wire fifteen” inches or two feet 


long, which unscrews in three or four pieces, to 
render the instrument more portable; see plate 1, 
fie. 11. When it rains or snows, the small para- 


pluie, plate 1, fig. 13, is to be screwed on the 
top of the instrument, as by this its bra is 


d; 


| preverred, notwithstanding the rain 9 


This instrument indicates not only the Gan : 
city of fogs,” but that also of serene weather, and 


enables us to discover the kind of electricity which 
reigns in the atmosphere; and to a certain degree 


to form an estimate of its quantity; and that under 


two different points of view, the degree of inten- 


sity, and the distance from 1700 _ at-which 1 


82 — 
1 * 


A conductor * exhibits ley decent), wal; | 


allow the electric fluid is more or less condensed 
in the air than in the carth. Though the air rer 
sists the passage of the electric fluid, it is not 
ee impermeable to it; it suffers it to pass 


„and generally with more ease in pro- 


portion. oy its mass or thickness is less. Tt is, 


e AY 155 een at what, height | 


* A= 

*** * 8 5 "43 - ih, my. 7 ES 27% by 

27 13 V Intl {119 1714 3 OSS Þ 5 
| bi | 


ucte ö raiged. 5. the purpose of {making amoghe.” 
nents, + Is memit bers. 
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it is necessary to be elevated; in order to Got n a 
sensible difference between the electricity of the 
earth, and that of the air. A very senzible diffe- 
tence may be generally discovered by this instru- 
ment, at the distance of four or ſive feet from the 1 
ground; sometimes it may be seen if the instru- 
ment is placed even on the ground, while at 
others, it must be raised seven or more ſtet, be- 
fore the balls will open; sometimes, though sel- 
dum, this height is e eee This distance 
is g generally greatest when the electricity is the 
strongest, though necessarily modified by a va- 
| riety .of pore some of which are known, N 
as the degree o f dryness * erte e of tho: wa - 
and others are unknown. Sy eee 
Ih be degree of e e at a inen height 8 
be discovered thus; raise the electrometer, and 
judge by the diyisions which are placed on the 
edge thereof the degree of their divergenee. To 
find the relation” between this degree of. diyer- 
gence mg 1920 force. of the electricity, M. De 
Saussur the following method z As he could 
5 not 5 0 certainty. double or triple a given quan- 
tity of electricity; yet, as a given farce; may be 
reduced one-half, a fourth, or eighth, &, hy di- 
viding between two equal and similar bodies the 
electricity contained in one, he took two of his 


© unarmed e Thich: Mere a5 gimilr 2 


% 
19 25 
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possible, and electrified one of them, so that the 
balls separated precisely six lines; he then touched 
the top thereof by the top of that which was not 


electrified; in an instant the electricity was equally 


divided between them, as was evident by the di- 


| tact with the other, as before; the remaining 
electricity divided itself again between them, and 


vergence of the balls, which was four lines in 
each; consequently, a diminution of half the den- 
sity had only lessened the divergence one-third. 


One of these electrometers was then deprived of 


its electricity, and was afterwards brought in con- 


the balls fell from four to twenty-eight lines, 


nearly in the same proportion as before; in the 


third operation, they fell to nineteen; in the 


fourth, to one; where he was obliged to stop, as 


= 


there was not now sufficient force in' the fluid to 


pass from one electrometer- to the other, and dis- 
tribute itself uniformly between them. The same 


experiment repeated several times gave very nearly 


the same results. Negative electricity decreased 
also in the same proportion as the positive. The 
following table may, therefore, be considered as 
giving a general, though not exact idea (un 
| apercu) of the increase in forge which corresponds 
to different degrees of divergence. in the balls; it 
is only calculated to every fourth of a line. The 
force of * is always brag oy whole 


% 
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numbers, as it would be ridiculous to put a greater 

5 degree of exactness in the numbers than is to be 

7 _ in wh vi 4s winch form the basis of 

=. 2 | Diatance * the wt. 1 | : | ' Cotteeponding: forces | 

RR | - in fonrths of a line. 8 „ | of electricity; | 

$ r e, — 6 — 
5 e Fr 


SS NI. De $a) in along woe, RAS the objections / | 5 
3 A be made to the foregoing method of estimating the | 7 
e of clectiicity; but, as at the most they only shew that this | 
a _ acience is at present in a state of considerable een 8 

1 vin be neee to take notice of them here. . 
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-Distance of the balls 
in fourths of a line. 


18 


9 
20 


21 


1 
| 23 
f 1 


E 


ee 
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Corresponding forces | 


of electricity. 
mm” 
44 
48 
52 
56 
60 
64 


— 


Those who are desirous to carry this measure 
of the electric force further, may do it by having 
similar electrometers constructed, but made upon 


a larger scale, and with heavier balls, which would 


only separate one line, with the degree of electri- 
city that makes the smaller ones diverge six lines; 
"there: would consequently measure a force 1024 


times greater than that which forms the unity of 
the preceding table; and thus, by degrees we may 
be enabled to discover the ratio of the strongest 

discharge of a great battery, or perhaps even of 
thunder itself, to that of a piece of — e 


N attracts a bit of straw. * 


* The PEE tA of the a force i is not ike: to 

7 e the absolute force of an explosion or electrical dis- 

charge. For Mr. Volta has shewn, that the force'of a discharge 

depends principally on the quantity of the electric fluid which 

passes from one body to another. Now, the repulsive force of 

the electrometer only indicates the ratio of this quantity in 
8 and similar bodies, and which are also nnn | 
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Another, alteration df the bottle electrometer 


has been: lately invented by the Rev. Mr. Bennet, 


which in point of n is far e to any | 


| hitherto contrired. 


If equal quantities of the electric fluid were ar to two 


unequal and separate conductors, the electric fluid, being less 
condensed on the largest, would act with the least foree on the 
electrometer; though it is probable, the force of the discharge in 


the two conductors would þ equal. The repulsive force serves, 


however, to shew.what'Mr, Volta calls the.electrical capacity of a 
body, the quantity of the electric fluid it actually contains, or 


is capable of containing. To effect this, and have points of 
comparison, we should use light metallic balls of different sizes, 
suspended by silk threads. One of these balls, uneleetrifiecd, 
being brought into contact with the substanee Whose electricity a 


is to be explored, will diminish the tension or repulsive force 


— 


of this substance; and the quantity diminished by the contact 


of the ball will give the ratio of the capacity of this substance 


with that of the ball. Let us suppose a Leyden j jar uninsulated; 


but 80 concealed, that only the knob is visible, and we are tbere⸗ 
ſore i ignorant of its sige, and the strength of the shock it will 
Sive. Let the t Pa of M. De Sausture s electrometer be i in con- 
Dat with the k 10b of the z Jar, and the balls of the electrometer 


Separate 8ix lines} fiom this solitary fact, we shall gain no infor- 


mation relative to the force of the shock; because: if the jar is 


very large, this degree of tension will give a very painful sensa- 


25 tion; when, ifi it is very, $ small, with the same indicated tension, 


the sensation may be almost imperceptible. But, if I bring a 


un 8 quantity of repulsive force will shew the relation 


. * e nc 


dall of a foot diameter in contact with the knob of the jar, and ; : 
after having thus taken a part of the fluid therefrom, the elec - 
_ trometer;. 18 again put in contact with the knob thereof, the 


c * its contents and that of the globe of metal, and e this * 4 


DESCRIPTION OF THE KEV: MR. BENNET'S GOL B 
LEAF BLBETROMETER.S Plate i, hg: 10. 


The ook. A, miy be and of meul or mn 
and about three inches high, that there may be 
_ convenient. room to move the instrument, without 
| the hands touching the glass part, B 
The cylindrical glass, B, in which the col leaf 
4 suspended, may be about five Inch bigh, and | 
two inches diameter. | 
T' be cap, C, . motel; and 8 che 1 
| top, that the various substances whose electricities 3 
are to be examined — be ene de 1 
5 upon it. 
. diameter of the od; is about an inch more 
than that of the glass, and its rim is about an inch 
deep, hanging parallel to the glass, to keep it 
dlean and dry: within this, is another circular 
rim, about half as broad as the other, made to go 
cover of within the glass, and is therefore lined or 
covered with leather, or other soft substance, to 85 1 
make it fit close; and thus the cap may be easily 5 ; 1 | 
taken off to repair any accident happening to te 
gold leaf. Within this rim, and in the center „ 5 1 Ll 
| - the cap, a tube is fixed wherein a peg is placed. : 11 
To this Pegs which i is s made round at one end and — 
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flat at the other, two slips of gold leaf ure fastened 


with paste, gum- water, or varniss. : 


If gold leaf be used, it may be 8 thas he 


leaf. The gold is the most sensible, but the silver | 


is easier to cut, and less liable to 885 torn by any 


accident. „ 
Two pieces of . e are . 3 


| emu on opposite sides of the internal surface of 
the glass, where the gold leaf may be expected to 


strike, and are connected with the foot of the 
electrometer.. These slips not only carry off the 
superfluous Aae Gas serve e n 


The ah nd of ths glam 3 1s 1 


| with sealing- wax as low at least as the outer rim, 
to render its insulation more perfect. 1 


The following experiments mw the great sen- 


ine, of this little instrument. 


„ Powdered chalk was put into a e ee aid 
| blown upon the cap; it was. electrified: positively 


by the strea of chalk, when the nozzle of the 


bellows was only six inches distant from the cap; 


but the same stream electrified it negatively at the 


distance of three feet. In this experiment, the 


quality of the electricity. i is changed from positive 


to Mae by dispersing or TORE | the n 


* 8 gold or ar 25 a bd a ag knife, 55 | 
wooden forceps, such as are used by the gold-beaters, are very 


useſul articles for replacing the slips, when necessary. Ebir. 


1 * 
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und making it pass through a longer track of air; 


it is also changed, by passing the stream through 


a bunch of fine wires, silks, or feathers placed 


upon the nozzle of the bellows; it is negative, 


x 8 


when blown fror a pair of bellows, the iron pipe 


being taken off to enlarge the stream. This last 


185 experiment seems to auswer best in damp weather. 
The positive electricity generally remains; but in 
the negative, the leaf gold collapses as SOON as the 


cloud'of chalk is passed. 
2. A piece of chalk drawn es a brusli, or 


powdered chalk put into a brush and projected on 
the cover, electrified it negatively.” The we 


ny was not permanent. | 
3. Powdered chalk blown with the mouth or a 


pair of bellows” Plate 1, Fg. 19, Os 7 a Plate | 


| electricity. / II a Miah 18 pied upon the cer | 

and a piece of chalk is drawn over it, when the 

5 hand is withdrawn, the leaf gold gradually ex, 
pands with e e as he 7 of | 

| chalk” disperses: , | 

4. Powdered chalk falling from one . to 
another, placed on the instrument, electrified it 

by negatively. Many other experiments have been 

tried, as projecting it from a goose wing, chalking 


7 


the edges of a book, &c. The instrument being 


placed in a dusty road, the dust struck up with a 
4 mark; near it, electrified it ach wheat flour 
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flat at the other, two slips of gold leaf are fastened 
with paste, gum- water, or varnis. ol 
If gold leaf be used, it may be ont than . 


leaf. The gold is the most sensible, but the silver 


is easier to cut, and less liable to wes torn by 155 


\ 


accident. 5 SL 


1 


IJ wo pieces of ie, tin-foil are Cs ith 1 


| MET on opposite sides of the internal surface of 
the glass, where the gold leaf may be expected to 
strike, and are connected with the foot of the 
electrometer. These slips not only carry off the 
superfluous ame ban serve e . 


| Fan“ | 3 


The upper 1 of ihe 8 is 3 wind lied | 
with sealing-wax as low at least as the outer , | 


to render its, insulation more perfect. {! 


The following experiments 818 the great al 


. «bil of this Its: instrument. LESS e 


= abet be: cap; it was: clectiified een 


5 by the Stream of chalk, when the nozzle of the 
bellows was only six inches distant from the cap; 

but the same stream electrified it negatively at the 
distance of three feet. In this experiment, the 


quality of the electricity is changed from positive i 


800 negative, 5 h or enen the e 


& 


* Some gold or ellver bal, a ee a ang knife, and 8 
wooden forceps, such as are used by the gold-beaters, are very 


; useſu] articles for replacing the slips, when necessary. ee 5 


# * 
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"ind making it pass through a longer track of air; | 


it is 8586 changed, by passing the stream through 
a bunch of fine wires, silks, or feathers placed 
upon the nozzle of the bellows; it is negative, 
when blown from a pair of bellows, the i iron pipe 
being/ taken off to enlarge thè stream. This last 
experiment seems to auswer best in damp weather. 
Tbe positive electricity generally remains; but in 
the negative, the leaf gold ar as soon as the 
cloud of chalk is passed. | 
2. A piece of chalk drawn over a brusli, or 
powdered chalk put into a brush and projected on 
the cover, electrified it negatively. wn ep we 
city was.not permanent. | +: 


3. Powdered chalk blown with the mouth or 1 : 


pair of bellows, Plate 1, fe. 19, from a plate x 5 
placed upon the cover, gave a permanent positive 


electricity. If a brush is placed upon the cover, 
and a piece of chalk is drawn over it, when the 


hand is withdrawn, the leaf gold gradually ex- | 
pands with «rh mate ttt as the cloud of 


FIERY 


_ chalk disperses. 


4. Powdered: chalk falling from one plate to 
another, placed on the instrument, electrified it 


P e Many other experiments have been 


tried, as projecting it from a goose wing, chalking : 


the edges of a'book, &. The instrument being 
placed in a dusty road, the dust struck up with a 
; e near it, electrified it positively; wheat our. 
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and red lead gave a strong negative electricity, > in 
| all cases where the chalk gave a positive. 
5. Place a metal cup upon the cap witb a red 


hot coal in it, plate 1, Fg. 20, a spoonful of 1 water 


| thrown upon the coal electrifies the cup negatively. 
If a bent wire be. placed upon the cover, with a 


piece of paper. ſastened to it, to increase its sur- 


face, it will exhibit he positive electricity of the 


ascending vapour, when introduced into it. The 


electricity of rain may probably be illustrated by 
pouring water on bot coals placed in an insulated 


cullender; the ascending vapour is e the 


| descendin 8 drops are negative. 


6. The sensibility of this instrument may Ns 


increased, by placing a candle upon the cap; by 
this means a cloud of chalk, which would but just 


open the leaf gold before, will cause them to 


strike the sides for a long time together, and the 
1 electricity is now communicated so strong, that 


che leaves' will be repelled by a stiek of excited 


"wax at ten or twelve inches distance. A cloud of 


5 Chalk made in one room will electrify this instru- 


over it. 


- 3 5 ment brought from another ee and at a con- 
siderable distance. ET 


A thunder-cloud paaing on over the instrument, 


caused the leaf gold to strike the sides at every 
flash of lightning. No sensible electricity has 
deen discovered by it on the explosion of gun- 


powder, or the e of — or N 
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| Excited: all will often Dake the leaf 

gold strike the sides of the glass more than twelve 

times; when the sealing- wax recedes, it will strike 
it again, nearly the same number of times; but, if 

the approach is quicker than the recession, the 

number of times will sometimes be greater. 

If a small lantern, with a candle in it, be placed 


upon the cap of the electrometer, and exposed to 
the air in an open place, or not too near high 


buildings or trees, it seldom fails to render the 


atmospheric electricity very sensible. 


If the electrometer be charged with a small 
quantity of electricity, and the sharpest pointed 
needle, or edge of a razor, be brought within the 


| least visible distance towards the cap, it will not 


draw off the electricity; but flame draws it off 


| considerable distance. 


The last experiment shews OSS 3 ab or 


edges, need not be avoided in the construction of 


this instrument, or of the doubler to be spoken 


of hereafter, or atmospheric apparatus; and that 


TY flame i is better than a pointed wire for the 0 8 
of collecting atmospheric eleotrioity. 
A small pin was fastened upon 8 1 
stick of sealing wax, and charged with electricity, 


which was communicated from the pin to a me- 


tallic insulated conductor, fiſteen inches in dia- 


meter and seven feet long; whose surface was 
therefore prodigiously larger than that of the pin, 
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40 vorrat CONDENSER, | 


yet its electricity caused a very sensible divergeney 


of the gold leaf: thus, not only shewing the sen- 
sibility of the electrometer, but the amazing divi- 


sibility and expansibility of this wonderful fluid. 


Besides the inethod of discovering small quan- | 
tities of electricity by means of very delicate elec- 


trometers, two methods have been communicated 


to the philosophical world, by which such quan- 
tities of electricity may be rendered manifest, as 
could not be perceived by other means. The 
first of these methods is an inyention of Mr. Volta, 
called the condenser of electricity; the second is an 


5 invention of the oy: Narr : 8 5 e Ka 


doubler of electricity. . | 
Mr. Yolta's ie Et N has hain as 
described in his own: words, consists of a large 
smooth metal plate, furnished with an insulating 
handle, and a semi- conducting or imperfect i insu- 


lating plane. See D and E, plate iii, fg. 10. 


To examine a weak electricity vith this appa- 


5 ratus, as pr: of the air in calm and hot weather, 


Wjhich is 


enerally too weak to be rendered sensi- 
ble by an electrometer, place the metal plate upon 


8 the semi - conducting plane, letting a wire, or some 
other conducting substance, be connected. with 


the metal. plate, and extended in the open air, to 


absorb its electricity: then, after. a certain time, 


. the metal plate must be separated from the same 


gonducting plane, and being presented to an, 


* . 


- 
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clectrometer, will .electrify it more than if it had 

not been placed on such a plane; and this, be- 
cause the metal plate, while standing contiguous 
to the sei- conducting plane, will absorb and 
retain a much greater quantity of electricity than 
it could either absorb or retain when separate. 


The office of this apparatus is not to manifest 
1 . small quantity of electricity, but to condense 


an expanded quantity into a small space. But 
Mr. Bennet's doubler is designed to multiply, by | 
repeatedly doubling a small, and otherwise unper- 
ceivable quantity of electricity, till it becomes 


| gufficient'to affect an a, and give small 


# 


To 


BENNET's OR NICHOLSON'S DOUBLER. 


Plate 4; Pig. 9, represents the apparatus, sup- 


ported on. a glass pillar six inches and an half long. 


It consists of the following parts: two fixed 


plates of brass, A and C, are separately insulated, 
and disposed in the same plane, so that a revolv- 
ing plate, B, may pass very near them, without 


touching. Each of these plates 1 is two inches in 


diameter; and they have adjusting pieces: behind, 
which serve to place; them accurately in the re- 


quired position. D is a brass ball, likewise of two 


inches diameter, fixed on the extremity. of an axis 
that carries the plate, B. Besides the more essen- 
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tial purpose this ball i is intended to answer, it is 0 
loaded within, on one side, that it serves as a 
. Reunterpoige to the revolving plate, and enables 
the axis to remain at rest in any position. The 
other parts may be distinctly seen in Fr. 9, Vo. 2. 
The shaded parts represent metal, and the white 
represent varnished glass. ON is a brass axis, 
passing through the piece, M, which last sustains 


the plates A and C. At one extremity is the 


ball, P, already mentioned; and the other is pro- 
longed by the addition of a. glass stick, which 
sustains the handle, L, and the piece, G H, sepa- 
rately insulated. E, F, are pins rising out of the 
fixed plates, A and C, at unequal distances from 


the axis. The cross piece, G H, and the piece, K, 


lie in one plane, and have their ends armed with 8 
small pieces of harpsichord wire, that they may 


perfectly touch the pins, E, F, in oertain points of 


the revolution. There is likewise a pin, I, in tbe 
piece, M. Which intercepts. a mal wire ee 5 


| ing from the revolving plate, B. 


The touching wires are 80 aug, by binds 
ing, that when the revolving plate, B, is imme- 
dire opposite the fixed plate, A, the cross piece, 
GH, connects the two fixed plates, at the same 
time that the wire and pin at I form a communi- 
cation between the revolving plate and the ball. 
On the other hand, when the revolving plate is 


ET immediately opposite the fixed plate, 5 the balls 


NICKOLSON'S DOVBLER, 10g 


become connected with this last plate, by the 


touching of the piece K against F; the two plates, 


A and B, having then no connexion with any part 


of the apparatus. In every other position, the 


three plates and the ball will * e uncon- 
nected with each other. 
When the plates, A and B, are bat 1 


other, the two fixed plates, A and C, may be con- | 


sidered as one mass; and the revolying plate, B, 


together with the ball, D, will constitutes another 


mass. All the experiments yet made concur to 
prove, that these two masses will not possess the 
same electric state; but that, with respect to each 
other, their electricities will be plus and minus. 


These states would be simple, and without anxx 


communication, if the masses were remote from 
each other; but as that is not the case, a part of 


the redundant electricity will take the form of a 


charge in the opposed plates, A and B. From 
other experiments, I find that the effect of the 
compensation on plates opposed to each other, at 


the distance of one-fortieth part of an inch, is 


such that they require, to produce a given inten- 


| ity, at least one hundred times the quantity of _ 
electricity that would bare produced it in either, | 
singly and apart. The redundant electricities i in 
the masses under consideration will therefore be 
unequally distributed: the plate, A, will have 

about ninety-nine parts, and the plate, C, one: 
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and, for the same reason, the zevelviiig plate, B, 


will have 99 parts of the opposite electricity, and 


the ball, D, one. The rotation, by destroying the 


Contacts, preserves this unequal distribution, and 


Carries B from A to C, at the same time that the 


tail, K, connects the ball with the plate, C. In 


this situation, the electricity i in B acts upon that 
in C, and produces the contrary state by virtue of 
the communication between C and the ball; 


Which last must therefore acquire an electricity of 


the same kind with that of the revolving plate. 
But the rotation again destroys the contaet, and 


restores B to its first situation opposite A. e 


if we attend to the effect of the whole revolution, = 
we shall find that the electric states of the respec- 


tive masses have been greatly increased; for the 


ninety- nine parts in B remain, and the one part 


of electricity in C has been increased so as nearly 
to compensate ninety-nine parts of the opposite 


electricity in the revolving plate B, while the 


communicati n produced an equal mutation in 


the electricity of the ball. A second rotation 


will, of course, produce a opieticnable augmen- 
tation of these increased quantities; and a conti- 
nuance of turning will soon bring the intensities 
to their maximum, which 1 is limited: "oy" an e | 
sion between the plates. 88 | 


If one of the parts be nue wied un ning 


5 meter, more PERF that of anc these effects 


5 * re. 
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will be very clearly seen. The spark is usually 


produced by a number of turns, between eleven 


and twenty; and the eleetrometer is sensibly 


acted upon by still fewer. When one of the parts 
is occasionally connected with the earth, or when 
the adjustment of the plates is altered, there are 
some variations in the effects, not difficult to be 


reduced to the general principles, but sufficiently 


curious to excite the meditations of persons the 


most experienced in this branch of natural philo- 


sophy: an attention to brevity, however, renders 
it necessary to forbear enlarging upon them. If 
the ball be connected with the lower part of Ben- 
nef's electrometer, and the plate, A, with the up- 
per part, and any weak electricity be communi- 
cated to the electrometer, while the position of | 
the apparatus. is such that the cross piece, G H, 

touches the two pins; a very feiv/ turns will ren- 

der it perceptible. But here, as well as in the 


common: doubler, - the effect is rendered.uncertain 


by the condition, that the communicated: electri- 
eity must be strong enough to destroy and predo- 
minate over any other electricity the plates may 
possess.. I scarcely need observe, that if this 
difficulty should hereafter be removed, the instru- 
ment will have great advantages as a multiplier of 
electricity i in the facility of its use, the very 1 Ps; 


manner of its operation, and the unequivocal | 
ture of 1 its results. . n 
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un. nnooKE's ELECTROMETER: "ION CHARGED 
10 8 - JARS AND BATTERIES ee 


This 0 e might Jobs Vicks tn 9 0 


greater propriety in the beginning of this work; 
but, as the plate was then altering, to render the 
drawing conformable to that given by Mr. Brooke 

himself, I chose tber to een, it till _ "_ 


was finished. 


An accurate al ak the quantities 
of electricity is: among the desiderata in this 
branch of philosophy; and, as the electrometers 
which have heretofore been invented have in that 
respect been found deficient, Mr. Brooke has en- 

deavoured to A 2 ee 8 a new 
instrument. . 
Plate 5, fig. 95, exbibits 5 3 in mi- 
niature, as it appears when it is ready to be used. 
Nigg. 96, B, is an arm, the ball of which e e 
Ne. laid e communication with a battery. 

Ng. 97, is the lower part of the deem. 
separate from the upper part. e 
The arms, FH, fk, Ig. 97. are, wh; in use, 
i who placed as much as Ga out 185 en n 
eee ene RE ow (4-546 
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The dial late; Fg. 96, is divided into 90 equal | 


parts; the index of this plate is carried once round 

when the arm, B C, has moved through g0 degrees, 

or a quarter of a circle. That motion is given to 

the index by the repulsive power of the charge 
acting between the ball D and the ball B.* 

I he arm, BC, being repelled, shews when the 
charge is increasing, and the arm, F H, 'shews 

what this repulsive power is between two balls of 


this size in grains, according to the number the 


weight rests at when lifted up by the repulsive 
power of the charge: at the same time the arm, 


BC, points out the number of degrees to which 


the ball, B, is repelled; 80 that, by repeated trials, 


the number of degrees, answering to a given 


number of grains, may be ascertained, and a table 
formed from these experiments, by which means 
the electrometer, #g. 96, a be used without 
that of Fg. 97. 


Mr. Brooke thinks that no glass, . as 


we call it, with electricity, will bear a greater 


force than that whose repulsive power, between 
two balls of the size he used, is equal to sixty 


grains; that in very few instances it will stand 
eixty grains weight; and he thinks it hazardous 5 
go more than forty-five grains. 

Hence, by knowing the quantity of coated: sur- 


_ mn the diameter of the balls, we 0 0 15 


* Phil, Trans. vol lxxi 25 384. 
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IE, 


enabled to sah, so much coated surface, with a 
repulsion between balls of so many grains, will 
melt a wire of such a size, or kill such an animal. 


A Mr. Brooke also thinks, that he is not ac- 5 
quainted with all the advantages of this electro- 


meter; but that it i is clear, it speaks a language 


which may be universally understood, which no 
other will do; for, though other electrometers will 
shew whether à charge is greater or less, by an 


index being repelled to greater or smaller dis- 
tances, or by the charge exploding at different 


distances, yet the power of the charge is by no 


means ascertained: but this electrometer shews 


the force of the repulsive power in grains; and the 


accuracy of the instrument is easily proved, by 


placing the weights on the internal ball, and see 
ing that they coincide with the divisions on the 
arm, FH, when the slide is removed to thgem. 
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CHAP. XX. 


of ATMOSPHERICAL ELECTRICITY. | ; 


© is now uniiyerzally acknowledged by Gery 


philosopher, that the electric fluid is disseminated Z 
through the whole atmosphere: it is also-known, 


that the motion of this fluid is restrained when it 


acts in dense air, but it moves with the greatest | 
_ liberty in a vac aum or rarefied air, as in an ex- 


hausted receiver. Therefore at à great height, 
where the air is equally, if not more rarefied than 


in our receivers, its motion must be exceeding 


free, and hence capable of the greatest effects; 


because it can be moved from one place to another 


with extreme ease and rapidity, and in great quan- 


tities: and if, as many philosophers believe, the 


electric fluid is that ether or subtile matter which 


5 fills the intervals between the planets, how great 


must be the force of an agent which fills these 


immense spaces Be this as it will, we know that 


the upper strata of air are tilled with this fluid, 


ang that it moves there freely. e 


Again, we know that water, Whether i in übe 


een vapour, is a conductor of electricity; 


chat in. proportion as air is loaded with it, it resists 
less the motion and diffusion of the electric fluid; 
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1 if vapour rises to a great height, if 
becomes a conductor and canal of communication 4 
between this immense reservoir, this ocean of free 


electric fluid, and the entire mass of our globe, 


5 If then this fluid is more restrained at one part of 
our globe, than it is in corresponding parts of the 
higher regions, the vapours will be the medium to 
restore the equilibrium. But this equilibrium will 
not last long, ſor it is natural to suppose this 


immense fluid subject to a flux and re- flux, cur- 


kents, &c. which will alter its local density. Thus 
also this fluid, which is contained in our globe, 
. cannot be long uniformly spread through its mass, 
ns there are ten thousand agents, which will either 
accumulate or rarefy it; consequentiy, vapour 
will scarce ever rise, without serving as a vehicle 
to maintain the equilibrium between our globe 
and the fluid in the W W of the r | 
e ond ef ths | 
This theory i is 80 were a commetſtience of the 


most immediate and certain principles of electri- 
city, that it serms almost superfluous'to confirm 


it by the e phenomena which it explains. It is the 
nl one that accounts for the following fact, that 
vapours never rise to a great height without pro- 
dueing the most terrible meteors, All considera- 
ble volcanic productions are accompanied with 
| lightning. The fire which rises from the earth 
deems to bght that of heaven, "The cola: of 15 


„ 
2 reg ca © FY 
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x 


vapour which proceeds from the bowels of a vol- 
cano is continually traversed by lightning,“ which 


sometimes seems to proceed from the higher re- 
gions, sometimes from the column itself. Hail, 


which necessarily supposes the ascension of vapour 


to a considerable height, is always accompanied 
with electricity. The aurora borealis is also elec- 
trical; its light seems to be produced by the elec- 
tric fluid, at the instant it is'condensed in passing 
in the columns of elevated vapour. 


Waterspouts, whirlwinds, and even earthquakes, 
are in a great measure the effects of torrents of 


the electric matter, attracted from the higher re- 


gions by torrents of vapour. In a word, can the 


; electricity of the clouds be attributed. to a more 


natural or probable cause? 


For the subject of this Ds we are peinci⸗ 


; ally indebted to P. Beccaria, who has for” many 
years accurately observed the various changes in 


the electricity of the atmosphere, and their rela- 


tion to the other phenomena of the weather. 


His apparatus was/ admirably well adapted for this : 


| purpose, and superior to any thing we are at pre- 
sent acquainted with for i imitating easily and at all 
a times he Ooty of the airy. It not "ey at 


* The 8 Pliny obgerved indi inane in che cup 


tion which killed his uncle. Sir Wi , Hamilton has also | 


observed them several times. . 


+ Sanmre's Fssais is ur VHygrometrie, „ 275. 190 5 75 
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first suspected, that electricity was 80 intimately 


wy 


blended with every operation of nature, as it is 
now known to be, the labourers in this part are of 
course very few; the principal are P. Beccaria. . 


Mr. Ronayne, and Mr. Cavallo. 

IJ have extracted and methodized the results of 
the observations made by P. Beccaria, introducing 
occasionally those made by others; that the reader 


might be in possession of the most material facts, 


and excited to investigate and pursue with atten- 
tion this delicate and important subject; for, in- 


. deed, little certainty can be expected from any 
_  system of meteorology, where the action of the 


principal agent is not e a er and 


attended to. 8 


Thbe apparatus used by P. . for. . 
gating the electricity of the atmosphere, was an 
iron wire, which he terms an exploring wire, 132 
feet long. 9] It was fixed at one end to a pole raised 
over the chimney, the other end was fastened to 


the top of 4 cherry-tree. The extremities, of the 


wire were insulated, and covered with a small 


umbrella of tin. Another wire was brought from 
this, through a thick glass tube coated with seal- 


ing-wax, into the room; by which means, conti- 


2 


nual information of the state of the electricity in 


the exploring wire was. obtained. He connected 


With this wire a small slip of metal, on each side of 


which was a small PR ball, one line in e 
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the balls were C Re 125 silk threads, sixteen 


lines long: 

Ar- ballons with probably dike us to discover 
with certainty the electricity of the different strata 
of the atmosphere. M. De Saussute has already 
made the experiment with a balloon made of taf- 


| fety, containing 200 cubic feet of air, and which | 


was raised by the heat from the flame of spirit of 
wine; with this, in cloudy but calm weather, be 
obtained a strong positive electricity. | 

The electricity, in serene weather, generally 
makes each of the balls diverge about six lines; 


wWben it is very strong, they will diverge fiſteen or 


twenty degrees from the metal Rear when weak, 

the divergence is very small. "Fe 

In serene weather, the wire, aſia being couched, 

will take a minute or longer before it again shews 

signs of electricity; though, at other times, it 
will become electrified in the space of a second. 

. The electricity during serene weather is met 
positive: there are few instances in which it is 
negative, and then it is brought over by the wind 

from some part of the atmosphere, perhaps very 

distant from the place of observation, where there 
is either fog, snow, rain, or clouds, The whole 

19 series s of observations which P. Betcaria has made 
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nfo this position. He seems to We met with 
_ I three or four instances to the contrary.” 
Dr. Franklin has observed, that the Aae 


| pines negative, which is certainly true; be- 
cause they will at times absorb, at and through 


the apparatus, a large and full bottle of positive 
electricity, of which the apparatus could not have 


received and retained the hundredth part. And 


it is easy to conceive, how a strongly charged 


large positive cloud may reduce ne en to 

a negative state. j Bs 
The decirieity of the alt is vay EP 

connected with the state of the air, as to moisture 6 


and dryness; so that it is necessary to attend to 
the hygrometer, in order to form a proper judg⸗ 


ment of the different degrees of electricity at 
different times. That invented by Mr. Coventry, 
Which is made of hatters paper, will answer 


best; it is yery sensible, absorbs moisture soon, 
. and parts with it easily.“ Comparative observa- 

tions m also be made with it. It is also neces- 
sary to piace a thermometer near the bygrometer, 
to ascertain what quantity of moisture the air can 
keep in solution with a given degree of heat; 


ee this objeet will more probably be obtained 
by observing accurately ihe quantity of moisture 


* The whalebone hygrometer,. as . constructed by M. De 
Luc, i is undoubtedly the most perfect of any hitherto. made. 
See wy: Edition of Adams's Kara vol. iv. p. * Ebi. . 


3 


ap 
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evaporated from a given surface at different times. 
It is also to be observed, that the different degrees 


5 . density in the air will affect the quantity of 
moisture which is retained in the air. 

The moisture in the air is the constant con- 
| duetor of the atmospheric electricity during clear 
weather; and the. quantity of electricity is propor- 
tioned to the quantity of moisture which surrounds 


the exploring wire; except there is so much as to 
lessen the exactness of the insulation of the wire 
and of the atmosphere. Im a dry state of the air, 
it will sometimes be above a minute before the 


balls will manifest any electricity after the wire 


| has been touched; though, in a damper state, 
a second will scarce elapse, before rapid oscilla-. 


tions of the balls may be observed between the 


om ang the plate of he to which they 5 


The on icity, e the a —_ up, is 
always positive, When the weather is clearing 


up, and becomes dry quickly, the electricity rises | 
to a great degree of intensity, and affords fre- 
quent opportunities for repeating the observa- 
"0089+ It Mar ten that the electricity 


* ys making obgervations on the electricity of the? atmos- | 
Phere in clear weather, it is essential to repeat them very fre- 


” — 


| quently; ie. to observe the velocity with which the electricity | 


rises after it bas been annihilated; which P. Beccaria generally. 


estimated by the nuinber of Seconds elapsed before. the he 25 
began to manifest their electricity. EY Tal Ne 
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5 caused by the clearing up of: the weather conti 


nues in its state of intensity for a long while; and 


also, after being interrupted, it begins afresh. 


> 


14 


These accidents seem to be owing to the electri- 
city being Wbt oyer 1 af bon rok . 3 | 


„ nes, e 


P. Beccaria na; that neee bs ee 


that the thick low clouds which were over his 


head began to break, and the rare even clouds, 
which are above the former, became dilated, that 
the rain ceased and the balls diverged with posi- 
tive electricity, he always wrote down, certain 
tendenq „%% net 3 049 hogs 
Prior Ceca says, that a strong positive Abet | 
city after rain is an indication that the weather 
will continue fair for several days. If the electri- 
city is weak, it is a sign that the fair nden will 
not last the whole 0 but chat it og we 
cloudy, and even rain. ES ; 
If, when the sky nds ps over ot ways of 
obereation; and a high cloud is formed, without 
any secondary clouds under it, and it is not an 


* * 


extension of a cloud which drops rain b. e 


either no electricity takes. place, or it is positive. 
If the clouds which are gathering are shaped 


8 like locks of wool, and keep moving first nearer 


to, and then separating from each other; or, if i 
the general cloud which is forming lies very bigh, 
and is stretehed downwards like descending smoke, 
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then positive electricity commonly takes place, 
which is more or less strong in proportion to the 
quickness with which this cloud forms; and it 
foretels the greater or less Wee and PRI of 
rain or snow which is to follow. 
When a thin, even, and extensive loud is 
forming, which darkens the sky and turns it into 
a grey colour, a strong and repeated positive elec- 4 
tricity. takes place; but, in proportion as the gk 
| thering of the cloud slackens, this electricity 1 
lessens, or even fails. On the contrary, if the 
rare extensive cloud is gradually formed of smaller 
clouds, like locks of woel, which are continually 
Joining to and parting. from each OUT, the Dy 2 
tive electricity commonly continues. 
Low and thick ſogs, especially when as they 
rise the air above them is free from moisture, 
carry up to the exploring wire an electrieity which 
will give small sparks repeatedly, and produce a 3 
divergence of the balls from 20 to 25%, or eben 
3809. If the fog grows sluggish, and continues ; 
round the exploring wire, the electricity soon fails; 
but, if it continues to rise, and another cloud 5 
| gueceeds,\it'electrifies again the wire, though less = 
chan before. Sky-rockets ent through such thick, "3 
low, and continued fogs, often afford signs of 16 
electricity. P. Beccaria, under any one of te 
circumstances above- described, never met with + 2 


: 4 ; 
1 2 
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an instance of r negative electricity $i "toi wn 
once, when he sent a sky-rocket, to which a 
string was fixed, through a low thick fog; though 


he had afterwards every reason to think, that he 
had mistaken à false little star for a true one. 
Mr. Ronayne observed, that the air in en 


was generally electrified in a fog, and even in a 
mist, and that botli day and night, but princi- 
pally in winter; seldom in summer, except from 
5 positive clouds, or cool. fogs. The electricity of 
the air in a frost or ſog is always positive. He 
says, that he has often observed, during what 
seemed the passing of one cloud, successive 
changes from . to Positive, and n 5 
8 Mn = fer Ne 7 OD | 
MMB. Most fogs bare a amel very: like as n 
Ba com glass tube, 
Mr. Henley has on ji et . are andes: | 
1 nene in, or immediately after a 


frost, than at other times; and that the electricity 


in fogs is often 58 e a soo be wand 20 
s. 8 : 
Whenever thers 8 a thick fog; 1 at the - 

Fake time the air is sharp and frosty, that fog i 1s 
e electrified positivel x. 


Though rain is not an immediate cause, yet bs 


| 4 inclined to think it was always a remote con- 
e of Sleotrieaty in the rai and 1 


* 


1 = 


\ - 
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i generally found, that in two or three days after he 

A. had discovered the air to be strongly enn 

we had rain, or other falling weather. | 
If, in clear weather, a low cloud, which moves 


passes over the wire, the positive electricity ge- 


nerally grows very weak, but does not become 


negative; and when the cloud is gone, it returns 
to its former state. When many whitish clouds, 


uniting with, and then separating from each other, 
thus forming a body of considerable extent, the 


never changes to a negative one. 
The clouds which lessen the e of the 
exploring wire are those which move; though 
those that are low seem also to have He: "Sane 
effect. | | 
9 15 «17 
OF, "THE. DIURNAL ATMOSPHERICAL 
- ELFCTRICITT, i| ops 5 


he 25 113 Wk . de 80 ee, indj- 
| cates a degree of dryness equal to, or little less 
than that of the preceding day, an electricity 


takes place before the sun rises; which is mani- 


| 0 55 and is considerably distant from any other, 


like locks of wool, keep over the wire, sometimes 


positive electricity. commonly increases. In all 
the above circumstances, the e deen 


fested by junctions, adhesions, or even a a diver- 


2 


£ 
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gence of the balls, and is proportioned to the 
dryness of the air, and the smallness of its diffe- 
rence from that of the preceding day. If this 
" tate of dryness does not obtain, no discernible 
electricity will be perceived before, or even for a 
little while aſter, the rising of the sun. As the 


air is generally damp in the night, electricity is 


Seldom observed before the sun rises. During 
three months observations, P. Beccaria found the 
Electricity before the sun rose only eighteen morn- 
ings; and from the whole of: his numerous: obser- 


vations it appears, that the appearance of electri- 


city in winter before sun rise is more frequent than 


in summer, especially if the dampness from the 


boar frost is capa Os ag _ mo 


% "Es © VR! 3 
: ratus. . \ 
15 © 
1 


In the morning, 8 au sun rises e he | 


electricity, whether it began before sun- rise or 
only after, gradually increases. This gradual in- 


crease of the morping electricity begins, sooner, | 
if the hy ter continues after sun- rise to indi- 


cate a greater degree of increasing dryness. The 


intensity and the rise of the electricity, aſter it 
has been annihilated by touching the exploring 


wire, lasts in serene days, in which no impetuous 

wind takes place and the hygrometer is stationary 
at the highest degree it has attained that day, till 
. the sun draws near the place of its setting. When 


EE 


the sun is near setting, and in proportion as the 
hygrometer ahsorbs the Ge the in n of 
the daily electricity lessens. a 
Though the e may idee 1 
degrees of dryness at twelve o'clock, in different 


days, yet the electricity will appear sooner after 


being destroyed on some days than on others; 


and this is in a great measure proportioned to the 


increase of heat. The electricity moreover com- 


menees on such days later in the ee and 


Z f5 


falls sooner in the evening. 

The frietion of winds against the ns of 4 
earth is not the cause of atmospheric electricity. 
Impetuous winds lessen the intensity of the elec- 
tricity in clear weather. If they are damp, they 
lessen its intensity in proportion to the diminution 
they cause in the exactness of the roy eee 
950 the wire and een en e IR SCAT TENT 


* 


or THE BLECTRICITY propucED | By! THE | 
| EVENING. DEW. 5 


Te A ens, if the * is rin kitle wind; 

. and a great degree of 1 increasing dryness, an elec; 
 trieity of considerable intensity arises after un- set, 
as soon as the dew begins. The frequency of 

such electricity is moreover” greater than that of 


| the daily: — and it vanishes . OT 


4 
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In temperate or warm seasons, if. the same cir- 


eumstances as before - mentioned take place, an 
6 entirely similar to the former arises as 
00 as the sun has set: only its intensity is not so 
constant; it e en greater: e N 
ends sooneer.. e 

If, under this alas circumstances r 
the general dryness of the air happens to be less, 
the electrioity that rises in the evening when the 
dew begins is less in proportion to the diminutions 
of the exactness of che insulation of both the ex- 
ploring wire and the atn erè; but correspon- 
dently to the greater quantity of a the frer 
e of the electricity i is greater: 

The electricity of dew seems to ae on the 
| quantity; of dew, and to follow, in its various 
changes, proportions-similar to those which take 
place between the electricity of calm mild rain, 


and that of rainy and stormy weather, and varies 


Accor ding to the seasons. | 
As rain, e the aurora borealis, _ >" 


. zodiacal lig t, have a 'tendency to appear for se- 


veral successive days with the same charac 
accidents, 80 the electricity of dew seems to have 
as it were an inclination to appear for several eve- 
nine aue aively with the same characters. 

EXPERIMENT: OXX XVIII. Let the air in a. 
vell-clxed room han electrified; that i 1s Wo say, the 


\ | 
* 


/ 
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moisture and other yapours diffused in it: then let 
a bottle filled with water colder than the air in the 


room, and insulated on à tube of glass, be raised 


pretty high in this room. Care must be taken to 


preserve the insulation of the glass with warm 


cloths. The electric signs that will arise in two 
threads suspended to such bottle, will exactly re- 
present the electricity of dew; and they will exhi- 


bit the different manner after which this electricity 
takes place, according as the electrified vapours in 


the room are more or less rare, as the difference 
between the heat of the air in the room and that 


of the water in the bottle is less or greater, and 
the insulation of the bottle is more or less exact. 
In a thunder storm, Mr. Ronayne observed, that 


che flashes would cause sudden changes. Some- 
times the electricity would be extended, sometimes 
diminished, at other times increased, and some- 


times even changed to the contrary again, though 


none was perceived before; it would come on 


suddenly with a flash of lightning. A large thun- 5 


der cloud, when it darkens the hemisphere, does 
not produce so much electricity as a branch of it, 


or even as a common shower; and a storm does 


not go in a regular current. of the wind, but ob- 
 liquely and zig-zag, vix. it rains in that a 
rom: army the Storm is to proceed... : 
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| Thee were e ds wh an Hater 
Eo Lite,” which will collect electricity from the air at 
8 any time. The power of this i instrument resides 
abVdy the string. The best method of making the 
* string, is by twisting two threads of common 
twine with one of that copper thread which is used 
for trimming: a school-boy's kite with this string 
answers the purpose as well as any other. When 
aa kite constructed in this manner was raised, 
Mr. Cavallo says he always observed the string 
to give signs of electricity, except once; the wea- 
ther was warm, and the wind so weak, that the 
Lite was raised with difficulty, and could hardly 
bde kept up for a few minutes: aſterwards, when 
=o _ .. the wind increased, he obtained as 8 a FRO 
—_ --- "Pen elect: icity. | 
If this kite was ed at a time len th ere 
=: was any probability of danger from the great 
. quantity of electricity, Mr. Cavallo connected 
one end of a chain with the string, and let the 
other end fall on the ground, and placed bimself 
4 so on an insulating stool. Except the kite is 
miised in a thunder storm, there is no great dan - 
= ger that the operator will receive a shock. Al | 


CAVALLO's EXPERIMENTS. _ 


8 he raised his kite hundreds of times . 
out any precaution whatever, he seldom received 
even a few slight shocks in the arms.' But it is 


not adviseable to raise it while stormy clouds are 


over head. This is also less necessary, as the 
electricity of the atmosphere OOF: then be easily 
observed by other means. 

When the kite was raised, he RPA W | 
the string through a window into a room of the 
house, and fastened it by a strong silk lace to a 
chair in the room. Plate N, fig. 78, AB repre- 
sents part of the string of the kite, which comes 

within the room; C, the silk lace; DE, a small 


prime conductor, which by means of a small wire 


is. connected with the string of the kite; F, a qua- 
rant electrometer fixed upon an insulating stand, 
and placed near the prime conductor; G, a glass 
tube about eighteen inches long; gn, a ball and 
wire of brass, which are fixed to the glass tube. 
This small instrument is useful to determine the 
quality of the electricity, when it is not safe to 
come near the string. This is effected by touch- 
ing the string with the wire, which takes a suffi - 
_cient quantity from it to ascertain thereby the 

quality of the electricity, either by the attraction 
. and repulsion of light balls, or the appearances of 
the electric light: or it may be ascertained by a 
| Leyden j jar, which will retain a charge ſor a con- 
 5iderable det and then the. kite "eg not. be 


cContrived by Mr. C 
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* 


© kept up cy longer than is necessary to charge the 
Jar, by which the e will be Shown even if 


, on days distance. 1 0 


If a charged jar is amel wu from any of : 


ads means by which it is known to be dis- 


* charged, it will retain its charge for a long time. 
On this principle the above mentioned jar is con- 


structèd: the jar is coated in the usual manner; 
the uncoated part of the glass is covered with 


wax, or else well varnished; a glass tube, which 


is open at both ends, is cemented into the neck of 
this jar, having a piece of tin-foil connected with 


jts lowest extremity, | which touches the inside 


non- electric coating. A glass handle is fixed to 
the ball on the wire Which passes into the fore- 
going glass tube; the wire is of a proper length 


to touch the tin-foil which'is at the bottom of the 
tube. Charge this jar in the usual manner, and 
then take out the wire from the glass tube by 
means of ebe glass handle. This may be done 
without discharging the jar; and, as the fire can- | 


not now escdpe- easily, the charge of a Jar 15 me 
preserved for many weeks. Bs | 


Fig. 80 represents a very n instrument, 


for the purpose. A B is a common jointed fishing 
rod, without the lust or smallest joint; from the 


Cavallo, for making experi- 
ments on the electricity of the atmosphere, and 
which, on ORIG accounts, appears to be the best 


5 
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extremity of chis rod proceeds a small glass tube, | 


C, covered with sealing-wax; a cork, D, is fixed 
at the end of i it, from which an electrometer with 


pith balls is suspended. H Gl, is a piece of 


twine fastened to the other extremity of the rod, 
and supported at G by a small string, FG. At 


the end of the twine, T, a pin is fastened, which, 


when pushed into the cork, D, renders the elec- 
trometer, E, uninsulated. When the electricity 
of the atmosphere is observed with this instru- 


ment,  thrust the pin, T, into the cork, D, and 


hold the rod by the lower end, A; place it out of 


a window at the upper part of the house, raising 
the end of the rod with the electrometer, so as to 
make an angle of 50 or 60 degrees with the ho- 
rizon. Keep the instrument in this situation for 
a few seconds, then pull the twine at H, and the 
pin will be disengaged from the cork, D; which 
5 operation causes the string to drop in the dotted 
situation, K L, and leaves the electrometer insu- 
lated, and electrified with an electricity contrary 


to that of the atmosphere. This being done, you 


may draw the electrometer into the room, and 


. examine the quality of the electricity, without 


obstruction either from, wind or darkness. - 


The aurora borealis seems not to affect the 


| electricity of the kite. 5 
E „ 


R E 
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The electrical mk taken fo the as of 


the kite, or from any insulated conductor con- 
nected with it, especially when it does not rain, 


is seldom longer than a quarter of an inch, but it 


is exceedingly pungent.” When the index of the 


electrometer is not higher than 20% the person 


who takes the spark will feel the effects of it in 
his legs; it appears more like the discharge of an 


electric jar, than the spark taken from the . 


conductor of an electrical machine. 


The electricity of the kite is in 3 stronger . 
or weaker, according as the string is longer or 


shorter; but it does not keep any exact propor- 
tion to it. For instance; the electricity brought 


| down by a string of an hundred yards may raise 


' the index of the electrometer to 205 when, with 
double that length of string, the index of the 5 
2 * will not go higher than 28. 1 


When the weather is damp, and the electricity 
prett strong, the index of the electrometer, 


5 ps tal ng a spark from the string, or. presenting 


By the kn: of a coated jar to it, rises surprizingly 


| Joon made on the electricity of the 


_ quick. to its usual place; but, in dry or warm 
p weather i it rises exceedingly : sow. 5 


It appears, from the observations which have 


that nature makes one: use 1 thy mn for . 
motin ng e 


. 
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1. In the spring, when plants begin to grow, 

then temporary electrical clouds begin to-appear, 

and pour forth electric rain. The electricity of 

the clouds and of the rain continues to increase 

till that part of the autumn in which the last fruits 
are gathered. 

2. It is this fluid which woah common fire 
with that moisture, by the help of which it actu- 
ates and animates vegetation; it is the agent that 
collects the vapours, forms the clouds, and is then 
employed to disorder and dissipate them in rain. 
3. From the same principle may be explained 
the proverb, that No watering gives the country o 
smiling 4 look as rain. The clouds of rain, by 

extending their electric atmosphere to the plants; 
dispose the pores of the latter to receive with. - 


greater facility the water which is impregnated 


with this penetrating and dilating fluid. Besides, 
it is natural to suppose, that the positive electri- 
city, which continually prevails in serene weather, 
\ will contribute to promote vegetation, since this 
has been found to be the effect of '6 eyen 1 
ett ity, Rn 
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or THE, IMPERFECTIONS OF METEOROLOGY, 
80 LONG AS BAROMETRICAL, THERMOME- 
2 TRICAL, AND  HYGROMETRICAL, OBSERVA- j 
"TIONS ARE NOT ACCOMPANIED WITH THE 
| REGULAR OBSERVATION OF THE ELECTRI- 
CITY. or THE ATMOSPHERE, OF THE ELEC- 
\ TRICITY or RAIN, SNOW, MISTS, AND AQUE- 
ous METEORS An GENERAL. BY MR: ACHARD. - 
. ; ' . 4 
A8 it is now ge erte that Aeevicity . 
is is a cause of various meteorological phenomena, I 
it is rather surprizing that Philosophers have not. 
_ Perceived the absolute necessity.of j joining an in- 
strument, by which observations may be made on 
the electricity of the atmosphere, to 5 which 
indicate its weight, heat, and humidity. | 
Without considering in this place the different 1 
| proofs of the influence of electricity on 'meteors, 


IE will Ja cent: to remark, that we cannot 


attain td an adequate knowledge, of any Pheno- | 
mena, occasioned by the concurrence of various 


5 Hauses, without being acquainted with them all; 


for, if any one is neglected, it will be absolutely 
impossible thoroughly to explain the phenomena. 
If electricity is not the sole cause of several mete- 
orological appearances, it is undoubtedly con- 
cerned more or less in their formation; so that, 
. 8 to observe 3 as s well e as 0 e bars» : 


1 


wel 


} 


OF THE IMPERFECTIONS, &, 437 


meter, &c. we lose the fruits of other, even very 
exact, meteorological observations. | 
The influence of electricity on vegetation is. 


proved by a set of observations made by different 


Philosophers; but it evidently appears, that the 


botanical meteorological obseryations alone will 


never be so useful as might be expected, till we 
unite those made by an instrument which will 
indicate the electric state of the atmosphere, to 


those made with other instruments. It is ning 


to this cause, perhaps, that it is impossible to 
draw any conclusion from the botanical meteoro- 
logical observations of Messrs. Gautier and Duha- 
7 2 which were continued from 1751 to 1769. 


Mr. Achard has had an opportunity of ee 
a \ Als. observations, but they were sufficient to 


convince him of the intimate connexion that sub- 


sists between the formation of the most a of 


meteors and atmospherical electricity. „ 


Jo discover if the atmosphere was clevirical 145 


8 ds use of a pair of light pith balls, which were 
| 1 attached to a resinous rod. This electrometer, from 
its simplicity; i is. almost preferable to any. other for | 
0 15 merely eee that electricity exists in the 

HD 5 > atmosphere. - 0 1. Ons ED = 1 N 


During the 1 'of July; 1778, M 


5 5 . daily the electricity of the . ee in 


the morning, at noon; and in the evening, with a 


Pair of small e halls, which were places above 7 
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| the roof of the house, . 90 
sufficiently distant from buildings, trees, &co. 


During the whole time there were only ten days 


to diminiss. 


If in serene Sn the 47 3 inddenty = 
- cloudy, the electrometer indicated continual 
_ changes in the electricity of the atmosphere; 
Sometimes increasing, then disappearing, then re- 
appearing; in which case it had generally changed 
. from: positive to negative, or vice vers. In windy 
weather, be Mong it difficult to observe with the 
rometer,” on account of the continual motion 
of * balls. | It seemed to vary considerably when 
dhe air was heavy, but not windy. When the 
weather was very calm, and the sky without 
clouds, the electrometer did not alter in the least, 
encept towards ke EH ROY it inn pre A. 
. en degree, 


It is Wa ee ant! in 8 an in which Ns. 


7 observed no electricity i in the air, there was no 
de eat night; while, on the other nights, it ſell 


* 


Wahich gave no signs of electricity; seventeen 
days, including the foregoing ten, in which he 
could observe no electricity in the morning, tho. 
it became very sensible at noon, and was very 
much increased towards the setting of the sun. 
Every other day he found the air electrical during 
the whole day, but always strongest a little before | 
öde en uot" time er ue 44 en 
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in greater or less quantities. He does not think 
those observations are sufficient to determine, that 


the dew is occasioned by electricity; but it may, 


he thinks, be fairly inferred, that the elevation 


and fall of the dew is obstructed or promoted by 


the electricity of the air. It is easy to point out 
in what manner electricity may produce the effect. 


Let us suppose the air to be either positively or 


negatively electrified, but the surface of the globe 


where we are not to be so; the aqueous and vola- _ 
tile parts of the vegetables, exhaled by the rays of 

the sun, and suspended in the air, will become 
electric by communication. The air, cooling by 
the absence of the solar beat, will not, after the 


setting of the sun, retain the aqueous particles 


with the same force; and these being attracted by 
the non- electric bodies, which are on the surface 
of the earth, their superficies will be covered with _ 
' dew. Again, let us suppose that the surface of 
e earth is electrical, but that the air is not elee- 
trical, and the effect will be similar to the preced- 


ing case. If the air and the earth are both elec- 


; trifted, but with contrary powers, the attraction . 
© | will/be stronger and the dew more abundant; but | 
no dew will fall if they ars both possessed of the 

same power, and in the same degree. It is known 


Fl mY the dew does dot fall with the same facility 


1 pon. all bodies, and that electric bodies are those 5 
| on n which, it falls with ne en, abundance. . 
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This fact admits of an easy nd, if we sup- 
pose electricity to be the cause of the dew; for 


the electric bodies do not readily receive clectri- - 
city from the medium which surrounds them: 
there is, therefore, always a greater difference be- 


tween the electricity of the air and that of the 
electrics which are placed in it, than between the 
electricity of the air and the conducting bodies 
which it envelopes. Now, it is in the ratio of 


this difference that the power of electric attraction 7 
acts, and consequently these bodies ought. to 15 


7 


covered more abundantly with dew. 

As electricity is often, if not always, the cause 
of dew, no one will doubt the nesessity of attend- 
ing to it in the botanical meteorology, as every 
one is acquainted with the influence or dew « on 
_ the growth of vegetables. 

In ͤ the Phil. Trans. for 1773, are e TOR | 
on the electricity of ſogs, which prove that they 
are generally electrical. Mr. Achurd has made 
several Obgervations, the results of which, corres- 
pond entirely with those, for he constantly found 
that the air was more or less electrified by a fog. 


| Fl Twice he observed, that in the space of a ſew 


minutes the fog ceased altogether, and fell in 
Got of a fine rain; and, though it was very t thick, 
— dixuppeared | in- about seven minutes. It is also 
very probable that rain is occasioned. by electri- 


; 2 | I A 
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consider the attractions and repulsions that. the 


- terrestrial or atmospheric electricity must occasion, 
as well between the surface of the globe and the 
; eee contained in the air, as between the par- 

ticles of vapour which always necessarily tend to 

disperse or unite the aqueous particles which 

swim in the atmosphere, and to bring them nearer 
or carry them farther from the earth. | 


NI. DE SAUSSUBE'S OBSERVATIONS ON THE Ar- 
| MOSPHERICAL BLECTRICITY.. 


The intensity ol the e e Mota is 


varied by a great many circumstances, some of 
which may be accounted for, others not. When 


che weather is not serene, it is impossible to assign 
| any rule for their variation, as no regular corres- 


pondence can then be perceived with the different 


hours of the day, nor with the various modifica- 


5 tions of the air. The reason is evident; when 
contrary and variable. winds \ reign at different 
NO when clouds are rolling over clouds, these 


winds and clouds, which we cannot pereeiye by 
any exterior sign, influence however the strata of 
air in which we make our experiments, produce 
these changes of which we; only, see the result, 
| without being able to assign either the cause or 


its relatioy n. . Thus, i in stormy weather, wo see th 
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arise to its 1 1 AVER one instant wei the 
next negative, without. being able to assign any 
reason for these changes. M. De Saussure says, 
that he has seen these changes succeed with such 75 
| _ ropes, that he had not time to note them down. 
When rain falls without a storm, these changes 
are not so sudden; they are however very irre- 
gular, partieularly with respect to the intensity 
of force; the quality thereof is more constant. 
Rain, or on, W en gives ane 
r e | 
In cloudy wonder, without . or storms, „ 
- efectricity' follows ene the same laws as in 
serene weather. . 7 | 
SZStrong winds generally diminish its intensity; 155 
55 eee together the different strata of the at- 
mosphere, and make them pass successively to- 
wards the ground, and thus distribute the electri- 
city uniſormly between the earth and the air. 
M. De -Saitsture has observed a e electricity 
with a strong north wind (ſa hise 
The state of the air, in which the We is 
strongest, is is foggy weather; this is always accom- 
Oe with electricity,” 1 78 — _ wes is. 
going to resolve into rain. | 
The most interesting eee ak thous 
which throw the greatest light upon the various 
. cations of electricity in our atmosphere, are 
| thoge that WER W 6 VI 
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during which most of M. n 


tions were made, and in serene weather, the elec- 
tricity was generally weakest in the evening, when 


the dew had fallen, until the moment of the sun's 
rising; its intensity afterwards augmented by de- 
grees, sometimes sooner and sometimes later; but 


generally before noon it attained a certain maxi- 


mum, from whence it again declined, till the fall 


of the dew, when it would be sometimes stronger 


than it had been during the whole day; after 


which it would again gradually diminish during 
the whole night; but is never quite werd FM: 
| the weather is perfectly serene. © _ 

Atmospherical electricity seems therefore, like | 
the sea, to be subject to a flux and re-flux, which 


causes it to increase and diminish twice in twenty- 


four bours. The moments of its greatest force 
are some hours after the rising and setting of the 
sun; those when it is weakest, precede the rising 


and setting thereof. This will be further ex- 


777 plainedi in the following pages. 
M. De Saussure has given an instance of e 


5 | periodic. flux in electricity, on the 22d of Febru- - 
ary, 1785, one of the coldest days ever remem- 


bered at Geneva: the hygrometer and thermome- 
ter were suspended in the open air, on a terrace 


: exposed ta the south-west; the electrometer, from 


its situation, indicated an electricity equal to 
. Wer it would _ shewn if 1 it ind been mee on 


£» 
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an open plane. The height of the barometer i is 
reduced to what-it would have been if the mercury 
4 4 had been constantly at the temperature of ten 
= 5 . degrees of Reaumur s thermometer. The place of 
4 observation was elevated 60 feet above the level of 
© tte lake. The observations of the day preceding 
3 is , and following this great cold, are inserted in the 
x following table; because it is pleasing to have the 
5 observations which precede and follow any sin- 
5 phenomena. There was a weak 8. W. wind 
during the whole three days; and it is rather re- 
= 155 markable, that most of the great colds, which 
1 have been observed at Geneva, were preceded by, 
oOr at least accompanied with, a little 8. W. breeze. 
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From the first . oherrations of this ta- 
ble, when the sky was quite serene, we see that 
the electricity was pretty strong at nine in the 

morning, that from thence it gradually diminished 
till towards six in the evening, which was its first 
minimum; after which it increased again till eight, 
its second maximum; from whence it again gra- 
dually declined till six the next morning, which 
was the time of its second minimum; after which 
it again increased till ten in the morning, which 
was the first maximum of the following day; as 
this was cloudy, the electrie rg were not 80 
regular. | 8 | 
The electricity ef serene N is 1 5 
: weaker 4 in summer than in winter, which renders. 
it more difficult to observe these gradations in 
summer than i in winter; besides a variety of acci- 
dental causes, which at the same tim̃e render 
them more uncertain. In general, in summer, If: 
© the ground has been dry for some days, and the 
is d ples the electricity increases from the 
ay he sun till three or four in the after- _ 
e when it is strongest; it then diminishes till Mm 
the dew begins to fall, which again reanimates it; 
E though after this it declines, and is e extin- 0 
3 r t ES oo #, - 
1 8 But the serene days that sueceed rainy weather 
in OO, ROE e the same diurnal | 


\ 
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periods or states of electricity, as are to be ob- 


served in winter. | 
The air is invariably positive in serene weather, 


both in winter and summer, day and night, in the 
sun or in the dew. It would seem, therefore, that 


the electricity of the air is essentially poxitive, and 
that, whenever it appears to be negative, in certain 
rains or in storms, it probably arises from some 


clouds, which have been exposed to the pressure 
of the electric fluid contained in the upper part of 
the atmosphere, or to more elevated clouds, that 
have discharged a part of their fluid en the 


earth or upon other clouds. 


In order to find out the cause of tis pheno- 


mena, M. De Saussure instituted a set of experi- 


ments on evaporation, avoiding the use 7 Mr. | 


4 Volta s.condenser. 


4 Te produce a strong evaporation, | Is P TERS a 
mass of red-hot iron into a small quantity of water 
which was contained in a coffee pot with a large 
5 3 mouth, and suspended. by silken strings; by this 


hae obtained a strong positive electricity, though, 


9 according to. Mr. Volta's system, it ought to have 
been negative; the experiment was repeated Seve- - 
ul times, varying in some of the enen, 0 
but the result was always the same. 
As it was not nnn e HH 
as Mr. Thi gon ee eee 


che e in a manner more . 10 
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that of Mr. 22 A small chafing- dis was, . 
therefore, insulated by silken cords, and the of- 
ſee· pot, with a small quantity of water, placed on 
it; one electrometer was connected with the cof- 

ſee · pot, and another with the chafing-dish; the 
fire was raised by a Pair of bellows. When the 


water had boiled strongly for a few minutes, both 


g electrometers exhibited signs of electricity, which, 
on examination, was found to be negative; prov- 
ing the truth of Mr. Yolta's experiment. The 
© evaporation produced by the efferyescence of iron 
in the vitriolic acid, and by that of chalk in be, 
Same acid, gave also negative electricity. | | 


It was now necessary to inquire, Sho the FOR 


8 pour excited by the heated iron produced positive 
5 electricity, while that from boiling water, in any 


other way, produced a negative electricity. + _ 
M. De Saussure suspected, that the intensity of 


3 heat to which the water is exposed, by the contact 
ol a bod in the state of incandescence, was the 
cause of t electricity produced by its evapora- 
tion, NP that a combination was then formed, by 
| which a nem quantity of the electric fluid was 
produced. This conjecture may at first sight 
seem improbable; but, the quantity of electricity 
produced by this experiment will astonish those 
dhat repeat it: and this quantity is the more sur- 
prizing, because, if it is true, according to the 
1 505 system of Mr. Volla, that vapours absorb, while 8 
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they are e a quantity of the electric fluid,  _, 
there must therefore be enough developed in this 
experiment for the formation of the great quantity 
of vapours produced by the heated iron, and after- 
wards a sufficient quantity to electrify 9 the 
apparatus and all these vapour. 
I his experiment shews clearly the cause ok 3 
prodigious quantity of electricity, which is un- 
folded in the eruption of volcanos; as it is proba- 
ble that the water in these, from many circum- 
stances, acquires a much greater eee of heat 
than is given to it in our experiments. pus 
Io verify this conjeeture, that it was in some | 
measure the combustion of the water, or the. iron, 4 
that produced the positive eleotricity, it was proper 1 
to try whether, by a regular moderation of the _ 1 
heat of the iron, positive electricity would always 3 
be obtained: This was essayed in the following 
manner: a large iron crucible, five inches high, 
four in diameter, and six lines thick, was heated 
red-hot, then insulated; after which small quan- 
tities of water were thrown into it, each projection 
e the water cooling more and more the crucible; 
thus descending by degrees, till there; was only 
sufficient heat to boil; the water, carefully observ- 
ing and then destroying the electricity produced 
at each projection. The electricity, was always, 
positive, ot null at the first projections it wass 
| amn gradually diminished bee, 
r e 


U 


. 
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bew it was scaree one, thoagh ahrays N a 
AT be positive. . 
On repeating this ment and 8 it 
in een ways, a remarkable cireumstance was 
observed: when a small quantity of water was 
thrown into the crueible, the moment it was taken 
from the fire, while it was of a pale red, approach- ; 
ing what is 0 8 the os: PR, no A ee 
- was obtained. \ e 5 
This wee to — 2 some connexion with 
anche mentioned by Musschembroeck, that wa- 


ter evaporates more slowly on metal, or any other 


incandescent body, than on the same body heated 
0? a small degree above boiling water. To ex- 
amine this relation, and to find whether there was 


Y any between the periods of evaporation and the 


duction'of electricity, M. De Saussure made a 
great number of experiments; which are most 
. accurately described in his excettent work; but, 
as the detail would be much too long to be intro- 
== ih this work, J must eontent myself with 
presenting the reader with the 2 thereof, and 


5 a deere ot the apparatus.” \ ee ee 3, 


The apparatus consisted of a pot af clay, well 


1 be or arinealed;' fifteen lines thick, and four 


| inches diameter; this was invvlatod by s dry gte 
goblet: : upon this pot was placed the crucible," or 
any other heated substanee, upon which the Ye 
Was 00 be thrown" in order to be reduceſt into va 


LF 
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pours; the crucible was contiguous to a wire con- 
| nected with an electrometer; a measure contain- 


ing 54 grains weight of distilled water was thrown 


upon the heated crucible; the time employed in 
the evaporation thereof was observed by a second 
watch; the electricity produced by this evapora- 
tion was noted. When this measure of water was 
reduced into vapour, the electricity of the appa- 
ratus is destroyed, and a fresh measure of water 
is thrown into the crucible; proceeding in the 
same manner till the crucible is almost cold. 
The first experiment was with an iron crucible, 
from which it was found, that Musschembroeck was 
not right in saying, that the evaporation was | 
slowest when the iron was hottest; for, at tbe 
instant it was taken from the fire, it required 
nineteen seconds to evaporate the water, and took 
more time till the third projection, when it took 
thirty-five seconds; though from that period it 
employed less time, or, in other words, the eva- 
: poration: accelerated in e as the 75885 
ch 5 ; E 
With respect to the electri 3 was at l 0, 
1 Positive, aſterwards negative, then O, and 
aſterwards positive to the end of the experiment. 
The vapour was not do, wy = SO mow. 


£: Jection. SUR. 432 *: 1 By ; 
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render. le as similar as rale, the + elcrct 
Was constantly positive. 18 | WS 
The third experiment was b a copper eruci- 
| ble; ; here also the electricity was positive, and the 
longest time employed in evaporation was not the 
instant of the greatest heat. It was very curious 
to see the water endeavouring to gather itself i into | 
a globule, like mercury on glass; to be sometimes 
immoveable, and then to turn on itself horizon- 
with great rapidity; sometimes throwing 
from some of its Ae hefe Jet, 5 ; 
with an hissing noise. . 
The fourth experiment was with the! same cru- 
. cible; the eee was at first ame then 
| - constantly paditive, / #1. 0094 fl; e 
8 The fiſth was 55 a EY pe ROD Ns 
a considerable time was employed here in eraporat- 
ing the same quantity of water, even in the in- 
1 stant of the greatest heat it took five minutes six 
A ẽͤteeconds; the electricity was weak, three times no 
; 1 Ped was perceived, n nech elec- Tl 
__ tricity was discovered. | - e 
un sixth experiment with the same Guell, 
| Z positive electricity was obtained, at the second 
. falle whjch-n none e of RT kind Tap: pede 
2 ceived. 2 e „ N 
ꝛy ; The e with 6 e 0 8 n ; 
strong negative electricity; the second and third 


een gave: POTS N W by 


3 fey 
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The aighth was made with a porcelain. cup; 


15 the evaporation was slower at the second, 


than the first projeetion; but, from this it took 
longer time till it was, cold, contrary to what hap- 


pened with the ae ON omg was {always 


negative. 
\. The ninth and Rn} experiments, with! the 
| same cup, produced similar effects. | 


\ The. eleventh experiment was with 180 of wing 


in a silver crucible; here there was no electricity 


produced at the two first projections, and what | 


Vas afterwards obtained was negative. 


The twelfth experiment, with ether; here the 


a eee was also negative. These two inflam-- 


mable fluids, in evaporating, followed the same 
laws as water, being dissipated at first most ra- 
pidly in the greatest heat; afterwards. taking a 


longer and longer time beſore they were evapo- 
rated, to a certain period; then employing less 


time, or es ee, ht the wenne was 
. be itt ; 5 hot, 
Now, as 8 arid gilver alin produced 1 ne- 


8 electricity, while iron and copper have ge- 


nerally given positive electricity, we may conelude 


that, electricity is positive with those bodies that 
are capable of decomposing water, or of being 
ed themselves by their contact with the 


water; and tive with e which are not * 


e dener akered. 


” 7 Py 


— 


nen, 


From hence M. De Saussure conjectures," that | 
the eleetrie fluid may be looked upon as formed | 
bythe union of fire with-some unknown principle, 
: ; perhaps a fluid analogous to inflammable air, but 
exceedingly more subtile. This analogy seems to 
him sufficiently proved by the inflammation of the 
electric fluid, and by the diminution of the air in 
which this inflammation is made. Though many 
doubts have been attempted to be thrown on this 
1 inflammation, there seems to be one reason which 
foroes us to admit it, which i is, the loss of a quan- 
| tity of this fluid at every spark; we may diminish 
at pleasure any quantity of this fluid (er le aisant 
etinceler)' by taking a number of sparks from it, | 
From hence also it may be inferred, that a 
congiderable quantity” 18 e e OT of 
thunder. 5 1 : 
a Aecording to this Ge, when! het operstion, 
| which converts water into yapour, produces at the 


= ; same tüte u de composition, it then generates the 


5 consumes. When no decomp 


electric fluid. A part of this fluid combines itself 
| immediately with these vapours, and serves even | 
to form them. The vessel in which this opera- 
tion is performed will acquire a positive electricity, 
none at all, or a negative; according as the quan- 
tity of the fluid generated is superior, equal, ot 
inferior to that which the formation of the vapours 
sition accompanies 
a the RI, the electricity ought to te con- 
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stantly: negative, because 
place the quantity of this flvid akin 1s employed, 
in forming the vapour. 

If, in the foregoing experiments, is, sub- 
stances which were susceptible of calcination had 
constantly given a positive electricity, and those 
which do not calcine had always given the nega- 
tive, every thing would have been explained by 


these principles, and they would thence have 


acquired a greater degree of probability. But the 
phenomena have not always followed this law; we | 


| have. scen iron and copper sometimes give a ne- 
gative electricity, and silver the positive. The 


first cage is not- difficult to account for; it is well 
known with what facility iron and copper calcine | 
in a brisk fire; they become covered with a sealy | 
-crust, which is not susdeptible of any further alte- 
ration with the same heat. If the bottom of the 
 erucible acquires chis crusty coating, the drop of 
water placed thereon will be no longer in contact 


with a calcinable substance; there will he no fur- 


ther decomposition, no generation of the electric 
| fluid: the vapours, however, which are still formed 
Will absorb a part of the fluid naturally c: 


2 there is nothing to re- 


* 


id dhe apparatus; and this will therefore be elec- 


wmißed negatively. I some of the scales should be 
so fur detached, that the water may gain some 


points of contact, the: quantity thus ee 
may compensate for what is absorbed by the va- 
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pours, and thus the electricity wills be null: if 
more are detached, it will super - abound and be 


positive. From the same reasons, a large mass of 


water, by attacking the iron in a greater number 
of points, always gives positive electricity; and 
hence also a strong positive electricity is obtained, 
by ene Pe hg W iron into à mass of 
water. 1 It 15 „„ We)... 
It is not 0 to pes da, oh silver 8 
sometimes a positive electricity, but by suppos- 


ing it to have been mixed with some substances 
capable of calcination; and this the more, as the 


white porcelain always gave negative electricity. 
This supposition was verified by some subsequent 
experiments, in which the same silver, me puri- 

fied, always gave a negative electricity. Oo OT 
wa M. De Saussure owns himself l of ex- 
plainitg, why heated charcoal always gives nega- 
tive Logs unless it can be attributed to the 
ude with which so rare a . loses 
5 hea by y the contact of wate. | 

ne fact astonished him; namely, that by wag | 
gina properly so called, although it is an eva- 
"poration, nay, the highest dares of evaporation, 
be never obtained any signs of electricity; though 
he tried to obtain it in a variety, of ways. Pro- 
bably the current produced by the flame disperses 
and dissipates the electricity as soon as it is formed. 


"The: Tas, WOO” must not be looked upon as 


ft 
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general, because Mr. Yolta obtained signs of elec- 
tricity from bodies.in ane? ia means of his 
condenser. ba Rn f 
Another 1 Boks was, bis not e, able 
to obtain electricity without ebullition, though he 
endeavoured to compensate by the quantity of 
surface for the quantity of vapours that was ele- 
vated by boiling water; and, indeed, the same 
quantity of water, if extended over too. large a 
| auen will not give any electricity. 
Notwithstanding the uncertainty these experi- 
ments throw upon the system, it does not at 
present seem possible to find another reason, 
| Which. 80 satisfactorily accounts for the positive 
electricity which reigos in the air. The prodi- 
gious quantity of this fluid, which continually . 
descends from the upper part of the atmosphere, 
filtrating through. the air to penetrate the interior 
2 of che earth, must e be brought 
air 1 * aud of its laid) or x the, earth 
-would be saturated. The perpetual circulation of 
this fluid, which is carried on by means of Va- 


pours, is a striking circumstance; it rises invisible 


and inactive, concealed in their bosom, but dis- 
playing afterwards its energy. Wben the vapous 
have changed their form, it descends active, ani- 
mated with a penetrating and expansive force; 
a of . the points of Jar the beards of 


— 


E 
1 


— ATI > <a 


— 


1s de savssvnzs o8SERVASIONS | 


nerent plains.” tert bad ee . e 


rhrough the vegetables, of ' which it becomes, 


perbaps, when decomposed, the most active and 
savoury part. This also may be one of the rea- 


sons, why exercise in the open air is much more 
conducive to health than that which is taken in 


covered or close places; for it seems evident, 


' that the soft aud gentle electrization, which every 
one must partake of in the open air, must have an 


influence upon our organs, on the circulation of 


the blood, the secretion jog the eme and | 


insensible transpiration. © 
In furtber pursuing this subject, we n . 
sider, that vapour sometimes acts as the Nea 


cause of aerial electricity; at other times, a8 a 


ductor of this same fluid; and sometimes, both 


| together. Towards the end of the night the clee- 
tricity of the air is very weak, either because there 
Is 1 no evaporation, or becanse the humidity of the 


evening and that of the fore part of the 
wy have transmitted to the earth the electricity 


that was accumulated in the air: bat, AS 8 800n as 


the « Sit Wilde the earth, and in proportion as he 
n, the aerial electricity aug- 
ments; Wen the vapours which then rise carry 


0 : i fluid into the air. But, when the sun has 


ttained the meridian, the heat in a 


em proportion than the evaporation, the air 
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is accumulated in the upper part of the atmos- 
ppbere; the electrometer, therefore, exhibits less 
signs of electricity, though it is still aecumulating 
in the upper part of the atmosphere. Lastly, 
when the sun is near setting, the air grows cool, 
becomes humid, and transmits more abundantly 
to the earth the electric fluid that was accumu- 
lated in the higher regions; the electrometer 
therefore, rises again with the dew, till two or 
three hours after sun- set, when the air is ex- 
hausted, and the electricity 7 85 a N till 
the next day. „ 

In summer, the electrieity of a Serene atthos+ 


9 5 pete is much weaker than in winter, and that 


because the air is then warm and dry to a greater 
height, and therefore resists more powerfully the 
transmission of this fluid, that is accumulated in 
the higher regions of the amoephere. This inter- 
rupted accumulation accounts at the same time 
very naturally for the violence and frequency of 


Storms at this season. But the increase of elec- 


; tricity, from the heat of the sun in the dry and hot =” 
days of summer, from its rising till four or five in 


| te afternoon, is not 80 dasily accounted for. It 


is not improbable, that the dry exhalations from 


| the earth, which are Oecasfoned by the heat, my, 
85 produce this augmentation of electricity, and fa- | 


vour the descent thereof from the upper part of N 
the atmosphere. It appears however in general, 


= 
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both. in winter. and summer, that when the air is 
5 perfectly transparent, the aerial electricity always 
diminishes in the hottest part oſ the day. It is a 
| known, that the air is generally most transparent 
and disengaged from vapours in the serene wea- 
ther that; follows great or heavy rains. M. De 
 Saussure, desires that this system may be only 
5 locked upon as so many conjectures, proposed 
with a view to animate. other philosophers to the 
obseryation of these eee. WE the 1 investi- 
gation of their cause. 7 
e ae refers also to his n sur Ey. 
gro etrie”. for. the proofs, That the electric fluid 
is. grim necessary to form or suspend the gross 
vesicular vapours. Those which are dissolved, or 
are elastic, support themselves by the expansive 
ſorce which they acquire from the element of fire 
combined with them, without the assistance of any 
bother agent. And these gross vapours, which 
require t the electric. fluid for their formation, part 
with it if they are resolved into water or into an 
elastic f luid. Thus the gross vapours that are 
5 ; formed. in the morning of a fine day, and which 
disturb a little the transparency of the inferior 
Strata of air, carry this fluid with; them, but part 
With it when they come into a more pure and dry 
air, where they are cee, king the wh of 


an elastic WT. J 
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This explains the diminution of the aerial elec- 
tricity, where clouds are forming in an atmos- 
phere that was serene; for the electric fluid, which 


was disseminated in the air, combines with the 
voapours when they take the vesicular form; the 


strata or striated appearance that is then seen 


among the clouds, which is one of the most sure 


indications of rain, seems to pronounce the pre- 
sence of the electric fluid, endeavouring to restore 
an equilibrium, and replace that which has been 
employed in the formation of the vesicles f 
which the clouds consist. Many experiments 
shew, that this fluid, condensed by art, disposes 
in parallel and converging lines, like the —_ 


those particles of dust through which it is made to 


pass; while, on the other hand, the increase a. 
aerial electricity, which is observed when the air 

is getting clear and serene after rain, arises from 
this fluid, which the vesicular 1 an es 
- wok disse in air ß 
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Ag is a glass tube, about four or ſive inches long 


and one or two tenths of an inch diameter ! in the 


inside; a pieee of wire is put into one end of the 


tube, and fixed there with cement; a brass ball is 


placed on the top of this wire; the lower part of 


he tube from a is to be filled with water tinged 
blue with a piece of turnsole or archal. This is 
essily effected, by setting the tube in a vessel of 


the tinged water, then placing it under a receiver 


on the plate of the air-pump; exhaust the receiver 


in part, and then, on letting in the air, the tinged 
liquor will rise in the tube, and the elevation will 
be in proportion to the accuracy of the vacuum; 


now take the tube and vessel from under the re- 
 eeiver, and throw strong sparks on 1125 an men 
tom the prime conduct rtr. 


When Dr. Priestley made this. 3 he 
| perceived, that after the electric spark had been 


taken, between the wire, ö, and the liquor at a, 
about à minute, the upper part of ĩt began to look 
red; in two minutes it was manifestly so, and the 
red part did not readily mix with the liquor. If 
the tube was inclined when the sparks were taken, 
the redness extended twice as far on the lower 
side as on the upper. In proportion as the liquor 
became red, it advanced nearer to the wire, 50 


that the air in which the sparks were taken was 
diminiahed; the diameter amounted to about one- 


* 
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fifth of the whole space; after which, a conti- 


nuance of the electrification produced no sensible 


effect. 3 e 1 EE 

To determine, whether the cause of the change 
of colour was in the air, or in the electric matter, 
Dr. Priestley expanded the air in the tube, by 
means of an air-pump, till it expelled all the li- 
quor, and admitted fresh blue liquor in its place; 


but, after this, electricity produced no sensihle 


effect on the air or on the liquor: so that it was 
clear, that the electric matter had decomposed the 
air, and made it deposit something of an acid 
nature. The result was the same with wires of 
_ different metals. It was also the same when, by 
means of a bent tube, the spark was made to pass 
from the liquor in one leg, to the liquor in the 
other. The air thus ee was in N OO 
1 noxious. 3 
In passing the Wa 3 Health e 
elastic fluids, it appears of different colours: in 


5 fixed air, the spark i is very white; in inflammable 


and alkaline air, it appears of a purple or red 
colour. From hence we may inſer, that the con- 

Anoting power of tbese airs is different, and that 

fixed air is a more perfect nom-conduotee' than 

| inflammable air. 

The spark was not Wide in abr e a dae 

alkali, made by Mr. Lane, nor in air from spirit of 


salt; 0 dhat ONE! seem to be more "RR oon 
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ductors of electricity. than | water, or other fluid 
substances. 2 5 ALS Ge 3 

The PREY SE PER in any kind of oil, 
ls inflammable air: Dr. Priestley tried it 
with ether, oil of olives, oil of turpentine, and 


essential oil of mint, taking the electric spark in 
them without any air to A with; infammable;. 


air was produced in them all. . 
Dr. Priestley (found, that on FR a aſt 


electric explosion for an hour in the space of an 
inch of fixed air, confined in a glass tube one- 


tenth of an inch diameter, when water was admit- 
ted to it, only one-fourth of the air was imbibed. 
Probably the whole would have been rendered 
immiscible in water, if the electrical e 
had been continued a sufficient Gim, 

The electric spark, when taken in 8 air, 
appears vf a red colour; the electric enplosons, 


that, de about 200 ex plosions 1 in a quan- 
tity of it; the original quantity will be sometimes 
inereased one-fourth. If water is admitted to this 
air, it 11 absorb the original quantity, and leave, - 
about as much elastic fluid as was generated by 
the electricity, and this. lags: fluid is a KING: 
 inflammable Fir. 11 


Dr. Priestley found, ns ws FO 55 was. 


taken in vitriolic acid air, that the inside of the 
e Ait it was confined was covered with a 


— 


Wbich pass through this air, inerease its bulk; so 
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sequence of the concussion given to it by the 
which supplied the phlogiston, it is not to be 


what substance of oY hes: the air had been 
extracted. 


this black matter; not by means of any union 


jar in about a quarter of an ounce measure 1 1 | 
2 vitriolic acid air from copper; by which the bulk 
| Was diminished about one-third, and the remains | - 
der scemingly not changed, being all absorbed by 2 


= —_— — 
*. 


# 
„ 


blackish substance. 1 seems to think; that te 3 
Whole of the vitriolic acid air is convertible into | 2 


'which it forms with the electric fluid, but in con- 


explosion; ; and that, if it be the calx of the metal 
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distinguished from what metal, or indeed from 
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Dr. Priestley mide 150  explosions of a common. 


water. In the course of this process, the air was 


* 


| e 


by, 


i carbfully transferred three times from one - vessel 5 
to another; and the last vessel, in which the . 
ns  explosions | were made, was to all appearance as 


black as the first; so that the air seems to he all | 
convertible into this black substance. „ 
Thinking this diminution of the bitriolie 56 | 
air might arise from its absorption by the cement; 
wicht which the glass tubes employed in the last 
ment were closed, he repeated it wich the 1 


air from quicksilver in a glass syphon Eon by 
eier and the result was the same. . 
That this matter comes from the vitriolic nol - 7 


dir , and not from any combination ef the | 
: „ ACS 


1 ; . bob PEE +3 of 
: ok 1 : 8 
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electric matter with it, will appear from the fol- 


blowing experiment. 


He took the simple electric spark from a con- 
| nder of a moderate size, for the space of five 
minutes without interruption, in a quantity of vi- 
triolic acid air, without producing any change in 
the inside of the glass; when, immediately after, 


making in it only two explosions of a common jar, 


cach of which might be produced in less than a 
| quarter of a minute with the same machine in the 
same state, the whole of the inside of the tube 
was completely covered with the black matter. 
Now, had the electric matter formed any union 
with the air, and this black matter had been the 
result of that combination, all the difference that 
would have risen from the simple spark, or the 
explosion, could only have been a more gradual 
or a more sudden formation of that matter. 


A large phial, about an inch and an half wide 


; being 6 lled with this air, the explosion of a very 

largeé j: , containing more than two feet of coated 
| surface, bad no effect upon it; from which it 
should seem, that in these cases the force of the 
shock was not able to give the quantity of air en 
1 concussion as was N to decomp 4 
part of it. | 


He had l Wade use of. copper, Di 15. 


terwards he procured this air from almost every 
substance from which it could be obtained; the 
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electric explosion taken in it produced the same 


effect. But, as some of the experiments were 


attended with peculiar circumstances, he briefly 
mentions them as follows. _ | 
When he. endearoured to get vitriohic acid air 


from lead, putting a quantity of leaden shot into 


a phial containing oil of vitriol, and applying only 


* 


the usual degree of heat, a considerable quantity 
off heat was produced; but afterwards, though the 
heat was increased till the acid boiled, no more 
air could be got. He imagined therefore, that in 


this case the phlogiston had, in fact, been supplied 
, by-gomething that had adhered to the shot. How- 


ever, in the air so produced, he took the electric | | 
 explosign; and, in the first quantity he tried, a 
whitish matter was produced, almost covering the 
inside of the tube; but, in the succeeding experi- = 
ments, with air produced from the same sbot, or 

5 omething adhering to it, there was Jess of the 
wWhitish matter; and at last, nothing but black | 


matter was produced, as in all the other experi- 


ments. Water being admitted to this air, there 
remained A: considerable residuum, e was 


| Yor slightly inflammable. 


Vitriolie acid air is easily procured, "Ia n 
85 wine, the mixture becoming black before any 


air is yielded. The electric explosion taken in 


dis air also produced n the dan matter, nt 
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The experiments made with ether seem to throw 


most light upon this subject, as this air is as easily 


procured from ether as any other substance con- 
taining phlogiston. In the air procured by ether, 


the electric explosion tinged the glass very black, 


more so than in any other experiment of the kind; 


and, when water had absorbed what it could of 
this air, there was a residuum in which a candle 
burned with a lambent blue flame. But what was 
most remarkable in this experiment was, that be- 
sides the oil of vitriol becoming very black during 
the process. a black substance and of a thick con- 
sistence was formed, which swam on the surſuce 


* 


ol the acid. „ 


It is very e e chat the 3 of this sub- 
stance may be a means of throwing light upon the 


nature of the black matter formed by electric ex- 
plosions i in vitriolic acid air, as 80 seem to resem- 


ble one another very much. „ 


The electric spark or ee taken in com- 


| a air, confined by quicksilver in a glass tube, 


covers the indide of the tube with a black matter, 
which, when. heated, appears to be pure quick- | 
silver. This, therefore, may be the case with the 


black matter into which he supposed the vitriolic 


acid air to be converted by the same process, 


* # 


though the effect was much more remarkable 


* 


than in the common air. The explosion will 
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often produce the diminution of common air in 


half the time that simple sparks will do it, the 
machine giving the same quantity of fire in the 
same time: also the blackness of the tube is much 


sooner produced by the shocks than by the sparks. 


When the tube considerably exceeds three- tenths 
of an inch in diameter, it will sometimes become 
very black, without there being any densible dimi- 
x e of he: DYE of air, 


- 


| BXPERIMENTS ON Nev BY . HENRY 
CAVENDISH, 1 


- 


The 1 aged 3 in making the experiments 
"os as follows. The air, through which the spark 


was intended to be passed, was confined in a glass 


tube bent to an angle, plate 1, fg. 23, which, after 


being filled with quicksilyer, was inverted into two 


glasses of the same fluid; the air to be tried was then 
introduced by means of a small tube, such as is 
used for thermometers, bent in the manner repre- 
sented by ABC, ig. 16; the bent end of which, 


after being previously filled with quicksilver, was 
| introduced, as in the figure, under the glass DE F, 
FT, inverted” 'into water, and filled with the proper 
kind of air, the end, G, of the tube being kept 


stopped by the finger; then, on removing the 


finger from C, the quicksilver in the tube des- 
nee in the les BC, and its place was . a 


1 * 
L 
* 


— 


- 
— ——— — —— RR 
2 we d 

- © won. how nr nn 


a f 
= — 8 — — — — — 
n = — =>» 4 — ITOTTe r 4 
* a s Le 1 b 
— — ——ꝓ—v— — 881 


— 
* 4 
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With air from the glass, DE F. Haring th thus got 


the proper quantity of air into the tube, A BC, it 
- was held with the end, C, uppermost, and stopped 


with the finger; and the end, A, made aller for | 


that purpose, being introduced into one end of 
the fore- mentioned bent tube, the air, on remov- 


ing the finger from C, was forced into that tube 
by the pressure of the quicksilver in the leg, BC. 


By these means he was enabled to introduce the 


exact quantity he pleased of any kind of air into the 
tube, M, ig. 23; and by t the same means, could let 


up any quantity of soap-lees,” or any other liquor, 3 


"hich he wanted to be in contact with the air. 


In one case, however, in which he wanted to 
introduce air into the tube many times in the 5 
same experiment, he used the apparatus repre- 


sented in Plate! 1, he. T7, consisting of a tube, A B, | 


of small bore; a ball, C; and a tube, DE, of a 
larger bore. This apparatus was first filled with | 


quieksilyer, and then the ball, C, and the tube, 


AB, were filled with air, by introducing the 


end, , under a glass inverted into water, which . 


| 0. the proper kind of air, and drawing out 


the quicksilver from the leg, E D, by a syphon, | 
After being thus furnished with air, the apparatus 


o was weighed, and the end, A, introduced into one - 


* 


end of the tube, M, and kept there during the 
experiment; the way of forcing air out of this 
l into the tube, being by at down 


& 


BY HENRY CAVENDISH, B50. 471 


che tube, ED, a wooden cylinder, of such a size 
as almost to fill up the whole bore, and by ocea- 


5 sionally pouring quicksilver into the same tube, 
to supply the place of that pushed into the ball, C. 


Alter the experiment was finished, the apparatus 


was weighed again, which shewed exactly how. 
much air had been forced into the tube, M, during 
the whole experiment, it being equal in bulk to a 
quantity of quicksilver whose weight was ou to 
the increase of weight of the apparatus. 
The bore of the tube, M, „ig. 23, used in most os 
the following experiments, was about one-tenth of 
an inch; and the length of the column of air, oc- 
cupying the upper part of the tube, was in general 
from one ineh and an a to (hens Rn of gu 
inch; © %%% 1775 
It is 1 neceenary to inform any one cok 
to electrical experiments, that, in order to force 
an electrical spark through the tube, it was neces- 
sary, not to make a communication between the 


tube and the conductor, but to place an insulated | 
ba at such a distance from the conductor as to 
receive a spark from it, and to make a communi- 
cation between that ball and the quicksilver in 
one of the glasses, while the quicksilver in the 


other glass communicated with the ground. 
When the electric spark was made to pass 
through! common air, included between short co- 


lumns of a solution of litmus, the solution ac- 
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quired a red colour, and the air was diminished 
: conformably to what was discovered by Dr. Priest. : 
Id. When lime-water was used instead of tbe 
solution of litmus, and the spark was continued 
till the air could be no further diminished, not 
the least cloud could be perceived in the lime- 
water; but the air was reduced to two-thirds of its 
original bulk, which is a greater diminution than 
it could have suffered by mere phlogistication, 
as that is very Kang mare en one-fifth of the 
whole. 5 e 
The experiment was ; next, 3 with some 
impure dephlogisticated air. The air was very 
much ddiminished, but without the least cloud 
being produced in the lime-water; neither was 
any cloud produced when fixed air was let up ta 
itz but, on the further addition af a little caustic 
volatile alkali, a brown anne was medien 
7 perceived. e e 
Hlence we 1 N thee aha lime water 
was Saturated by. some acid formed during the 
operation; as in this case it is evident, that no 
earth could be precipitated by the fixed air alone, 
but that caustic volatile alkali, on being added, 


i; 


would absorb the fixed air, and thus becoming 


mild, would immediately precipitate the Karth; 
whereas, if the earth in the lime-water had not 
been saturated with an acid, it would have been , 
e by the fixed air. As to the brown 


' 5 5 
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| 3 of the sediment, it most likely proceeded. 
from some 0 the e havin g been dis- 
_ golved. h 
It must Bi Tale that. ac any Gan air, as 


5 well as acid had been generated in these two ex- 


periments with the lime- water, a cloud. must have 
been at first perceived in it, though that cloud 
would afterwards disappear, by the earth being 
re- dissolyed by the acid; for, till the acid pro- 


duced was sufficient to dissolve the whole of the 
earth, some of the remainder would be precipi- 
tated by the fixed air; so that we may safely 


| conclude, that no 0 fixed air was gengrated: 3 in the 
operation, | 
When the air is ond by soap- Pn the dir 
minutian proceeds rather faster than when it is 
confined by lime-water; for which reason, as well 
as on account of their containing so much more 


alkaline matter in proportion to their bulk, soap- 
lees seemed better adapted for experiments de- 
signed to investigate the nature of this acid, than 
lime-water. Accordingly some experiments were 
made, to determine what degree of purity the air 
should be of, in order to be diminished most 


- readily and to the greatest degree; and it Was 
found, that when good dephlogisticated air was 
used, the diminution was but small; when per- 


fectly phlogisticated air was used, no sensible 
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diminution took Puder but, when five parts of 
pure dephlogisticated air were mixed with three 
parts of common air, almost the whole of the air 
was made to disappear. It must be considered, 


that common air consists of one part of dephlo- 
. gisticated air mixed with four of phlogisticated; 
30 that a mixture of five parts of pure dephlogisti- 
cated air and three of common air, is the same 
thing as a mixture of seven parts of er 
cated air with three of phlogisticated. | 


Having made these previous trials, trod uce 


td ne bats little soap-lees, and then let up 


some dephlogisticated and common air, mixed in 


the above-mentioned proportions, which rising to 
the top of the tube, M, divided the soap-lees into 
its two legs, as fast as the air was diminished by 
te electric spark; continue adding more of the 


same kind, till no farther diminution takes . 


alter which, a little pure dephlogisticated air, and 


after that 4 tile common air, were added, in 
order to see whether the cessation of Aintindltien a 


Was not \owing. to some imperfection jn the pro- 
Portion of the two kinds of air to each other; but 
without effect. The soap-lees being then poured 
out of the tube, and separated from the 1 5 
silver, seemed to be perfectly naturalized, as they | 


did not at all discolour paper tinged with the] juice 


* wee . Bean 8 . to de 
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ey. left a small quantity of salt, which was evi- 
155 dently nitre, as appeared by the manner in which 

paper impregnated with a solution of it burned. 
For more satisfaction, he tried this experi- 
ment over again, on a larger scale. About five 


times the former quantity of soap lecs were now 


let up into a tube of a larger bore; and a mixture 
of dephlogisticated and common air, in the same 
proportions as before, being introduced by the 
apparatus represented in Ig. 9, the spark was 
continued till no more air could be made to dis- 
appear: The liquor, when poured out of the 
tube, smelled evidently of phlogisticated nitrous 
acid. This salt was found, by the manner in 


% 


which. paper dipped into a solution of it burned, 


to be true nitre. It appeared by the test of terra 
ponderosa salita, to contain not more vitriolic 
abid than the s0ap-lees themselves contained, 


which was excessively little; and there i is no rea- 


son to think that any other acid entered into 25 
. the nitrous. ee 


A- circumstance however occurred; 8 at | 


7 rot seemed to shew that chis salt contained some 


marine acid; namely, an evident precipitation 


too place, when a solution of silver was added to 


+ some of it dissolved in water; though the soap. : 
le used in its formation were perfectly free from 
8 marine acid, and though, to prevent all danger of © 


any a: 8 80 formed by an excess of alkali 
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to it, previous to the addition of the solution of 
silver. On consideration, however, he suspected, 
that this precipitation might arise from the ni- 


| trous acid in it being phlogisticated; and there- . 
fore tried, whether nitre much phlogisticated 


would precipitate silver from its solution. For 


this purpose, he exposed some nitre to the ſire in 
an earthen retort, till it had yielded a good deal 


of dephlogisticated ajr; and then, having dissol- 
_ ved it in water, and added to it some well purified 
spirit of nitre, till it was zensibly acid, in order to 


be certain that the alkali did not predominate, be 
dropped into it some solution of silver, which im- 
mediately made a very copious precipitate, , This 


solution, however, being deprived of so of its 


Phlogiston by evaporation to dryness, and « expo: : 

. gure for a few weeks to the air, lost the property 
of precipitating silver from its solution; a proof 
that Waere e depended only on its phlogisti- 
cation, and not on its having absorbed sea salt 5 


from the f etort, or by any other means. 


Hence it is certain that nitre, when much 
| phloginticated, is capable of making a precipitate. 


in it, some purified nitrous acid had been added 


0 — 
— » 


with a solution of silver; and, therefore, there i is 5 


no reason to think that the precipitate, which our 


salt occasioned with a solution of silver, proce 
from any other cause than that of its being phlo- 


ee cxpecially as it ee by the elle 
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both on flew taking it out of the tube, and on the 


addition of the spirit of nitre previous to dropping - 


in the solution of silver, that the acid in it was 
much phlogisticated. The property of phlogisti- 
cCated nitre is worth the attention of chemists; as 

otherwise they may sometimes be led into mis- 


takes, in investigating the nr of marine legeid | 


by a solution of silver. 
In a former paper Mr. Cavenlich 15 3 


that when nitre is detonated with charcoal, the. 
acid is converted into phlogisticated air; that is, 


into a substance which, as far as he could per- 
FO eeive, possesses all the properties of the phlogisti- 


| cated air of our atmosphere: from which he con- 
cluded, that phlogisticated air is nothing else than 
nitrous acid united to Phlogiston. According to 
. this conclusion, phlogisticated air ought to be 
15 reduced to nitrous acid, by being deprived of its 
: phlogiston; but, as dephlogisticated air is only 
water deprived of phlogiston, it is plain, that add- 
ing dephlogisticated air to a body is equivalent to 
© depriving it of phlogiston and adding water to it; 
and therefore phlogisticated air ought also to be 
7 reduced to nitrous acid, by being made to unite 
to, or form a chemical combination with, dephlo- : 
gisticated air; only, the acid formed this way wil! 
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„„ EXPERIMENTS on AIR. 


ny Tus being e we may safely . 


; = | chat; in the present experiments the phlogisticated 


"air was enabled, by means of the electrical spark, 
to unite to, or form a chemical combination with, 
the dephlogisticated air, and was thereby. reduced 
. io nitrous acid, which united to the soap-lees and 
» ments those two airs actually disappeared, and 
nitrous acid was actually formed in their room: 

| and as, moreover, it has been just sbewn, "IE, 
55 other circumstances, that phlogisticated air must 
"i form nitrous acid when combined with dephlogis- 
. : 5 | ticated. air, the above-mentioned opinion seems 
. 10 be . established. A further confir- 


 gpark- is passed either through pure dephlogisti- 


ty or n 


1 = was | not e to BAY. TT ate oe f/ the, 


| formed a solution of nitre; for in these experi- 


mation of it is, that, as far as we can perceive, no 
diminution of air is produced when the electric 


| cated air or through perfectly phlogisticated air; 
- which indicates the necessity of a combination of 
5 these too uirs to produce the acid. Moreover, it 
was 2 in the last experiment, that the quan- 
tre procured was the same that the soap- = 
lees would have produced if saturated with nitrous © 
. acid; which shews that the production of the ni-, 
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ba BENNET ON 7 ATMOSPHERIC ELECTRICITY; 


| To wesen DS process ol 1 5 


sions, as far as relates to the Ranger of powerful 


electrical atmospheres: | 
Let two slips of gold leaf, or ka 8 Dutch 


metal, be fastened to a brass ball suspended by a 
silken string, or other insulating substance; bring 
the brass knob of a charged jar towards the points 
of the metallic slips, till they become charged 


with electricity, which will cause them to be re- 
© Hales each way from the knob of the jar, and 


stand as in plate 1, fg. 21. Continue to hold the 


55 in the same position during a few seconds, aud 


one of the slips will bend towards the knob of the 
- jar, Hg. 21, and strike it suddenly; then it will 
stand repelled till its electricity be again dissi- 
baed: in this manner it will continue to repeat 
the stroke as long as a sufficient quantity of elec- 

"tricity remains in the jar, unless the air be yery 
Sn and then this experiment may fail, hich Ef 


ere me has only happened twice. 


D \ The most common apparatus hitherto used, — ; 
3 Tat consisted of bigh, pointed, .and insulated 
conducting rods or wires, extending from the 


place of observation to the top of an high building 8 
ot steeple, and connected with an electrometer; 
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or, the small and insensible communications of 
 bſectricity have been collected by means of Mr. 
© Polta's condenser. But these instruments are 
generally either not sufficiently sensible, or they 


ceean only sbew the state of atmospheric electricity: | 


at intervals; whence the observer loses the oppor- 
tunity of watching the momentary and interesting 
change which happens in several states of the 
atmosphere, ene oy the ns of a 
thunder cloud. - Es 
It has been: Gund, that the: Aaine of a bundle 
was very usefül in rendering the atmospherie 
_ electricity sensible, when it could not be perceived 
1 means of points; this it probably does, because 
che effluvium of a candle, which is of a conduet- 
ing nature, becomes combined with air, 80 as to 
form a very complete union; and, as the rarefied | 
air so combined with phlogistic effluvium rises 
upwards, it is continually succeeded by a fresh 
quantity; and hence the apparatus has the oppor- 


tunity absorbing electricity much more eopi- . 


_ ously than the sharpest Points. Considering this 

advan tage Mr. Bennet provided a deal rod about 
ten feet long, see plate 1," Hg. 18, and, after the 
smaller end was well dried, it was fastened into 4 
long tinned iron funnel with cement, 80 that, . 
funnel did ho where come within half an inch of 
. * ad rod; by this means it is N i 


85 1 


* 
. 


is fastened, which is about the length of the whole 
rod; and the lower end is hooked to a small ring 
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and the funnel is not so liable to bs accidentally 1 
broken off, as if it was insulated by means of 
glass. At the small end of the funnel is sus- 
pended the ting of a chain, which supports a small 
lantern containing a lighted candle: to the lower . 
and broad edge of the funnel a softened brass wire 


near the thick end of the rod, that the wire may 
not be liable to accidents when the instrument is 
taken down. When this apparatus is used, a 
window is opened in the highest room of the 
house, and the rod is placed upon one strong 
nail, and under another, on one side of the case. 
ment, so that the lantern is elevated about 50 
| degrees. Near the place to which the rod is fas- 
tened is a hole in the window- frame, of sufficient 
width to receive a tube of glass covered with 
sealing-wax, on the end of which is a bent wire: 
the hook of the brass wire is then taken from the 1 
ring, and hooked upon this insulated bent wire, 4 
which stands at a proper height to be connected 
with the cap of a gold leaf electrometer; standing 
upon a board under the wire; and, that the brass 
wire may not be too much agitated by the wind, 
a ball of lead is hung upon it. In this situation, 
it is plain that the atmospheric electricity col- 
lected "oy the candle will come down the brass 
H h 
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wire, ate: be communicated to the cap of the 
electrometer, or to any other instrument. But, 
as it very seldom happens that the gold leaf does 
not diverge when this apparatus is elevated, there 
is little occasion to make use of a condenser or 
doubler, or even of a candle, when there are re large 
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CHAP XC 


ON MEDICAL ELECTRICITY. 


% 


Tan Abbe Nollet says, that he received more 


pleasure when he discovered that the motion of 


fluids i in capillary tubes and the insensible trans- 


piration of animated bodies were augmented by 


electricity, than by any other discovery he had 
made; because they seemed to promise such 


abundant advantages to mankind, when properly 
applied by a skilful hand. But, how much would 
this pleasure have been augmented, if be had 
lived to see his hopes realized, and this branch of 
electricity obtain the same medical certainty as 
It is true, that like every other simple medicine 
which has proved beneficial to mankind, electri- 
city met with much opposition from the interested 
views of some and the ignorance of others, has 
been treated with contempt, and injured by mis- 
placed caution. I shall recommend to those who 
thus oppose it, not to condemn a subject of which 
they are ignorant, but to hear the cause before 
they pass sentence; to take some pains to under- 
stand the nature of electricity; to learn to make 
the electrical machine act well, and — 1 it 
: e oy En, 
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for a few weeks to some of those disorders in 
which it has been administered with the greatest 
success; and there is no doubt but they would 


soon be convinced, that it deserves a distinguished 


rank in medicine, which i is the offspring of 0 
Sonny. i; | 

The science of medicine and its practitioners | 
have been reproached with the instability and 
fluctuations of practice; at one time cold as the 
ice at Zembla, at another hot as the Torrid Zone; 
that they are led by fashion, and influenced by 
prejudioe. On this ground it has been predicted, 
that, however great the benefits which may be 
derived from electricity, it would still only last 
for the day of fashion, and then be consigned to 
_ 6blivion<i! I must confess, that I cannot be of this 
opinion, nor easily led to think d set of men, whose | 


| judgment has been matured by learning and ex- 


 perience,. will ever neglect an agent which pro- 
. bably forms a most important part of our consti- 
_ tution. | Electricity i is an active principle, which 

is neither generated nor destroyed; which is every 


where, and always present, though latent and 


unobserved; and is in motion night and day to 


maintain an equilibrium that is constantly vary- 


ing. To give one instance, among many, it has 
been shewn, that the rain that descends in a 
storm is strongly impregnated with electricity, 


and thus 8 8 8 down al the —_ e 
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carried up into the air, till the deficiency of the 
earth is supplied from the superfluity of the hea- 
vens. A variety of other causes concur to vary 

continually the equilibrium of this fluid; as the 
perpetual intestine and oscillatory motion, which 
contributes so much towards carrying on the ope- 
rations of nature. Further, if a particular portion 


of this fluid is distributed to eyery substance, then 


every alteration of its capacity, which is continu- 
ally changing by 1 or 9 must move or ope- 
Fate nit 

As heat, or fire in action, is hs fret mover in 
"hs animal machine, and the chief active princi- 


ple during its existence, and as electricity exhibits 


80 many phenomena which cannot be distinguished 
from those of fire, we are naturally led to con- 
ceive high ideas of the importance of this fluid to 


medicine. Though the vital state of it is not to 
be estimated by the degree of heat, abstractedly 


considered, because the degree of heat only ascer- 


tains the Aa nie which is noung in a pecuhar | | 


manner. 


It is known that this virifying principle . 5 
ich 

were electiified, budded sooner than others of the 85 

same kind and size, and in the same green- house. 


us vegetation of plarits, Myrtle-trees, 


Seeds, daily electrified, have shot up and grown 


more in three or four days, than others of the 
kame SO and alike in all other Lire 


; 


* 


of fire, light, and heat. 
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have done in eleven or. 69 days. In the same 
manner Mr. Achard has shewn, that it may be 
used as a supplement for heat, to hatch the chicken 
from the egg. The supposition of an ingenious | 
writer is by no means improbable, that the vege- 
tating power which is operating during the whole 
year in ever-greens, may arise from these trees 
having more resin in their composition than those 
whose leaves fall in autumn, by which they are 
enabled to attract and retain those juices which 
give them their continual verdure, and supply in | 
some degree the absence of solar heat. This may 
be inferred from their natural properties, and is 
confirmed by the strong electric power possessed 
by their leaves. The same writer thinks, that the 
fluid collected in our electrical experiments is 
only those solar rays that have ed: dispersed - i, - 
and are arrested by the earth; an idea which is 
strongly corroborated by the obseryations made on 
 atmospherical electricity, and by the deductions 
which bave been made from the mlanive: affinities: 

The agency of this fluid, and its existencꝶ in 
aninidted nature, have been fully proved by the 
experiments that have been made on the torpedo 


and the gymnotus electricus; for, the similitude 


established between the electrical fluid of the tor- 
pedo and that of nature at large, in such, that in 
2 _physical sense, they may be considered as pre: 


ON MEDICAL ELECTRICITY. 487 


eisely the same. Mr. Hunter has well observed, 
Says Sir J. Pringle, and I think he is the first who 
has made the observation, that the magnitude 
and number of the nerves bestowed on those elec- 
tric organs in proportion to their size must appear 
as extraordinary as their effects; and that, if we 
except the important organs of our senses, there 

is no part even of the most perfect animal, which, | 
for its size, is more liberally supplied with nerves 
than the torpedo: nor yet do these nerves of the 
electric organs seem necessary for any sensation 
that can belong to them: and, with respect to 
action, Mr. Hunter observes, that there is no part. 
of any animal, however strong and constant its 
action may be, which enjoys s0 large a portion of 
0 eln If then it be probable, that these nerves 
are unnecessary for the purpose either of sensation 
or action, may we not conclude, that they are 
subservient to the formation, collection, and ma- 
nagement of the electric fluid? especially, as it 
appears from Mr, J/alsh's experiments, that the 
will of the animal commands the electric powers 
of its organs, If these reflexions are just, we 
N with some probability foretel, that no disco- 
very of consequence will eyer be made by future 

Physiologists concerning the nature of the nervous | 
fluid, without acknowledging the lights they have” 
ee How. the PII. of Mr. Walk 
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" whois the living torpedo, and the dixection of the 
dead animal by Mr. Hunters 

A variety of curious facts W 7 die thai 
[os electric fire is essentially connected with the 
human frame, and 1s continually exerting its 
influence upon it. Add to this, the ease with 
which the natural equilibrium is destroyed, and 


ve may readily conceive, that any alteration' in 


the quantity or intensity of action of this powerful 
fluid will produce correspanding obanges i in the 

habit or health of the body. The following is a 
remarkable instance of the agency of the fluid in 
the human frame, and of the ease with which it is 
put jn action. Mr. Brydone mentions a lady, 
who, on combing her hair in frosty weather in 
the dark, had sometimes observed sparks of fire 
to issue from it; this made him think of attempt 


ing to collect the electrical fire from hair alone, 
Without e assistance of any other electrical ap- 


ratus; To this end, he desired a young lady to 

stand o 1 wax, and comb her sister's hair who was 
Sitting in a chair before her; soon after she had 
begun to comb, the young lady on the wax was 
Surprized to find her whole body electrified, and 
darting out sparks of fire against every object that 
ee were 7 uy" hah was 05 ron! ly mon 
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and affected an electrometer at a considerable 
distance. He charged a metallic eonductor from 
it, and in the space of a few minutes collected a 
sufficient quantity of fire to kindle common spi- 
rits, and, by means of a small Jar, gaye WY 
smart shocks to all the company. 
Mr. Cavallo obtained, by means of: a small 
condensing plate, very sensible signs of electricity 
from various parts of his own body, and ww 1 
of almost any other person. | 
When the diseoveries in this 1 says 
N Mr. Brydone, are further advanced, we may find, 
that what we call sensibility of nerves, and many 
other diseases, which are known only by name, 
are owing to the bodies being possessed of too 
large or too small a quantity of this subtile fluid, 
which is perhaps the vehicle of all our feelings. 
It is known, that in damp and hazy weather, 
when this fire is blunted and absorbed by the 
hymidity, its activity is lessened, and what is 
collected is soon dissipated; then our spirits are 
more languid, and our sensibility is less acute. 
And in the fierce wind at Naples, when the air 
seems totally deprived of it, the whole tend is 
unstrung, and the nerves seem to lose both their 
tension and elasticity, till the north - west wind -/ 
awakens' the activity of the animating power, 
which soon restores the tone, and enlivens, all 
nature, obick seemed to droop and lunguish in 
0 553 
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its . Nor can this: appear surprizing, if i jt 


is from the different state of this fire in the human 
body that the strictum and laxum proceeds, and 
: not from any alteration in the fibres themselves, or 


their being more or less braced up, (among which 
bracers, cold has been reckoned one,) though the 
muscular parts of an animal are more braced when 


they are hot, and relaxed when they are cold. 


Mr.  *Jalabert" and Professor Saussure, when 
"nating the Alps, were- caught, among. thunder- 


| | and found their bodies full of electrical 
fire; spontaneous flashes darting from their fin- 


gers with a crackling noise, and the sensations 


they ſelt were the same as when strongly electri- 
fied by art. It seems pretty evident, that those 


feelings were owing to their bodies containing too 
great a share of electrical fire; and it is not im- 
probable, that many of our in mite owe their 
| ſlings to the opposite cause. 5 pit 
The perpetual electricity of the ee | 
in ol a problem: the existence and ebe i 
cy of it in that mass oof air which surrounds 
our ene e bas been ascertained by numerous clear 
and deeisive experiments; and it seems by no 
means improper to infer, that this fluid cannot 
exist in the atmosphere without exerting a certain 


influence on all the beings contained in it; and 


principally on organized dee ee which, 
man olg the highest e | Cd ab 
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EXPERIMENT CCXL. Pass the charge of a 
e jar, or battery, from the head to the back of 
a mouse; this, if the shock is sufficiently strong, 
will kill the animal. After its death, make the 
discharge in the same manner, and the fluid will 
pass visibly over the body, and not through it; 
evincing, that the power or medium which trans- 
| mitted. the shock through the animal is lost with 
its life. This experiment is taken from Mr. Ca- 
vuallo's Treatise on Medical Electricity. Its im- 
portance is self- evident, and it certainly merits a 

further investigation by those who are acquainted 
with the animal economy, as well as electricity. 
As the science of medicine knows of no epecific, - 
50 we are not to suppose that electricity will tri- | 
umph over every disorder to which it is applied. 
Its success will be more or less extensive, accord- 

ing to the disposition of the subject, and the ta- 
lents of those h direct it; it cannot therefore 
appear surprizing, that many disorders have been 
refractory to its powers, and others have only 

yielded in a small degree; or, that the progress of 
the cure has often been stopped by the impa- 
1 tience or prejudice of the diseased: but at the 

same time, it must be acknowledged, that even 
in its infancy, when it had to combat against fear, 
prejudice, and interest, its success was truly great: 
we have surely then the highest reason to- expect 
2 considerable increase of SUCCESS, now that it is 
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dne and e by professional men f 

the first merit. 1 1 
IIn a short course of ha; which were read 
> on this subject lately by Mr. Birch, something 
lle a system was thrown out for the consideration 
of future electricians. The application of electri- 

city to medicine was divided into three forms; 
namely, the fluid, the spark or friction, and the 
shock. The first mode he considered to act as a 
sedative, the second he ranked under the title of 
a stimulant, and the last as a deobstruent. As 

the distinetions. were the result of many experi- 
ments and much observation, they may safely be 
adopted for the present. That gentleman being 

now engaged in the practice of a great hospital, 
where his electrical experiments have already 
gained some reputation, we may hope the science 
will be more universally diffused; and, being 
taught under the cautious eye of public serutiny, 
we may trust its merits will soon give it an _ 
E l rank in the art of healing. 
1 : 'In medicine, electricity is applicable to palsies, 
1 men intermittents; to spasm, obstruc- 
| tion, and inflammation, In surgery, it has con- 
. giderable scope for action; where contractions and 
|  5prains, tumours, particularly of the glandular 
mit wasting of the muscles, and other incidents, 
| \ form a catalogue of visible diseases as distressing 
2 0 the eve of others as t to the patients W 
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The gout, and the scrophula, or king's evil; two 
diseases which have tormented mankind and been 
the disgrace of medicine to the present time, are 
ranked among those to which this remedy is ap- 
plicable; and in the commencement of the com- 


plaints, I am informed, has been wonderfully 


successful. To remove ill- placed fits of the gout, 
it should seem to be a more rational application 
than any medicine, for it applies directly to the 
seat of the disease, with a power and rapidity 
unknown in physic, and perfectly manageable at 
discretion; and, as it is a remedy which applies 
to the understanding as well as to the feelings, 
I should think it better worth the attention and 
contemplation of men of liberal education; than 
the compounding a medicine 1 in which they place 
little faith, or re 2 FO in n ad | 
have none at all. | | 
The SUCCESS of ses in enn thi mh 
ky: of mankind, has been considerably pro- 
\ moted, and its operations rendered more rapid, 
sensible, and efficacious, by applying it in diffe- 
rent manners and quantities to the human frame. 
| The modes formerly used were the shock, spark, 
and sometimes, though very seldom, simple elec- 


triſication. These modes are now varied, and 


umber augmented. The stream of the 
a fluid may, without a shock, be made to 
pass through any part of the body; it may also be 
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IO upon, or e from any part, ch its 
action in each case varied, by causing the fluid 
to pass through materials which resist its passage 
in different degrees; it may be applied to the 
naked integuments, or to the skin covered with 
different resisting' substances; and its power may 
be rarefied or condensed, confined to one spot or 


applied in a more diffusive manner, at the disere- 


tion of the e DT Eo Cor a0 
- The -apparatus- necessary for 1. barpee is 

\simple, and consists of the following articles: 
I. An electrical machine, with an ae 

ern properly constructed to afford a conti 


3 = 5 — Ae and strong stream of the electrical fluid. 
21. A stool with insulating feet, or rather an 


Fn 


Fo -  silver:wires; and a pair of insulating forceps. | 


arm chair fixed on a large insulating st00l: The 
125 inside part of the back of the chair should move 
on a hinge, that it may occasionally let down to 
electrify conveniently the back of the patient: the 
arms of the chair should at be made e - 


B usual. Pans eee | . 
1 9. e Jt tons an evi g e 


4. A pair of large nes 7 0 dean, handles 
| and wooden points. 10 6 


Z 5 51 Affew glass Aden of ua «bores, some cf 
. * ; 7 . them with. capillary: points. e 1 by 


| Jo these may be added, an a ages: 
on a large scale, a pair of small directors with 
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Bg. 93, plate 5, represents the directors; the 7 


handles are of glass. A is a brass wire with a ball 
on its end. The wire of one is bent, for the more 


conveniently throwing the electric fluid on the 
eye, &c. | The balls may be unscrewed from the 
wires, and the wooden point, B, screwed in its 
place; or the pointed end of the brass wire may 


be used. The directors should always be held by 


that extremity of the glass handle which is farthest 


from the brass, and care should be taken chat bras; 
eg of the hand does not make them moist. 


tity of rose 


Land M, Ag. 84, represent glass tubes, mag 


7 hab small wires are made to eee to nen the 
fluid directly to the ear or throat. 


Pig. 88 represents another glass A of a en 


| 50, the end of which is capillary; a sinall quan- 
_ ose- water, or any other fluid, is to be 
poured into this tube; then connect it with the 
: prime conductor by a wire; turn the cylirider, and 
2 subdivided, gentle, and refreshing age i "OP 1 
: Huid- -may be thrown'on the patient. 
Ng. 86 represents tbe insulated e SEL 
Some opérators think it a very convenient instru- 
: ment for communicating a shock. Its use and appli- 
5 cation are evident from an inspection of the figure. _ 
5 Dy. 85 is the medical jar, furnished with an 
8 electrometer, to limit the force of the shock, and 
enable the operator to give a successive number 
f of them of the same 8 C is a 7 ne. of 
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_  plass, on the upper. ant of which is cemented a 
ee Socket, D, furnished with a spring tube, E; 
© the-wire; F; moves in this tube, so that the ball, 
„ 3 may be set at a convenient distance from the 
ball; H. The _— of the bent piece of glass is 
also furnished with a spring tube, which slides 
upon the vie. K. i eee with the inside | 
e bene ©: #04 16 Mood: monnts off. oe 5d 
_ To use khn ale e the bal, Ii $i * A 
with, the conductor, or connect them together | 
by a wire, and then charge-it in the usual manner. 
No, if a wire proceeds from the ball, L, to. the 
bobutside coating, iba zar wil be arcs gad. when- 
 ' _ ever the fluid has acquired suffieient force to pass 
. through” the space of air between ah6-199.hulls; 
cConsequently, the shock is stronger in;proportion 
. he distance between the two bells is inoreased. 
It is obvious, that when the electrometer is 
chus connected, it acts in the same manner as a 
dcotomon discharging rod, and forms the commu- 
e nication hetween. the outside and the inside of the 
jar; wiilr this difference only, that the distance of 
de end bete eee ith the dt : = 
pen and regulate. Ez 
It has been found more convenient, to ceparyte 45 
kw lectrometer from the jar, and apply it to the 
conductor: see in the frontispiece to this Essay, 
- where's b represents the elęctrometer; 6 d, the 
"Leyden ) Jar, e at n distance e 


1 


a glass tube, ef, is fixed in this bottle, a small 


part of the lower end of which is coated; two . . 
wires pass through the brass ball, C, on the top of 
this tube; one of which goes down to the bottom 


of the exterior jar, and touches its internal coat- 
ing, the other only goes to the coating of the 
tube: these wires may be removed at pleasure. 


The jar is to be suspended to the conductor by 
the ring; and a chain or wire is to "Oe fixed to 85 85 


book, 4, at the bottom. 


ig. 100, plate 5, 1 180 dns r 
which is hollow and coated like a common jar, 
acting in all respects like one, but is convenient, 


from its shape and __ non nee in 


giving small Shocks. AIRS An 
The handles of the 3 bould 5 Sat | 
dried, as also the bent piece of glass C, and those 


parts of the jar which are above the coating. It 


5 is likewise- necessary to press the ends of the di- 
rectors against the part, to convey the shock more 


readily: by connecting one wire with a positive 


| conduchbr, and the other with a negative one; or 


one with the bottom of a Leyden jar, and the 


other with the electrometer; the shock or stream 3 


may be conveyed, to any part, with the japan 
facility. It is also evident, that a perso 


by means of two directors, electriſy himself with 
ease, or any patient conveniently, without the 
assistance of any; other Pen; that Wy: he _ by 
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turn the machine with one hand, e he is 
receiving the fluid or the shock. But this may 


75 also be readily effected, by fastening a wire to one 


of the conductors, and pinning. the other end of 
it to one extremity of the part through which you 
intend to pass the shock, or convey the fluid; 


1 then connect a director with the other conductor, 


. and hold it to the other extremity of the part. If 
the situation is such as to occasion the wires to 
touch the table, pass a small glass tube over them, 


$4 5 which will prevent a dissipation of the fire. 


Electricity may be n e e in the l. 


x {view different modes 


* 9 2 4 : ; * } & - 


1. By merely placing. the patient. in an . 
ok, and connecting him with the prime conductor... 
When the machine is in action, he will be filled 
RE wich the electric fluid; which will be continually ö 
dissipated from the points and edges of his cloaths; 

and, thougb the effects, of this are probably too 
slow to be rendered very advantageous, yet a se- 
dentary person might perhaps derive some benefit 

from sitting in an insulated chair, havi 9 be | 
him an insulated table, the chair to be connected 
With the ball of a large charged jar or battery; b; 
which means, a amall quantity of the fluid will be 
continually passing through those innumerahle ca- 
pPillary vessels, on g C0 yes _ | 
e 80 e e 


(£2) * 5 
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2. By throwing the rid upon, or extracting ii 

-- vie a patient, by means of u wooden point. This 
may be effected in a two-fold manner. Ist. By 
insulating the patient, and connecting him either 
with the cushion or the positive Done: 3 5 
the operator Prone DEN the point: 2d: Let the 
Patient stand upon tlie ground, 85 1 wire of 
the director be a either with the positive 
or negative parts of the machine. The sensation 
produced by the fluid, when acting in this man- 
ner, is mild and pleasing, resembling the soft 


; breezes of a gentle wind; generating a genial 


— 


warmth, and promoting the a dee n 18 8 
tion of tumours, inflammations, &c. A 

3. By the #lettric friction. Cover the part to bs- 
- rubbed with a woolen cloth or flatinel. The pa-. 
tient mah be seated in an insulated chair; and 
tabbed with the ball of a director that is in con- 
tact with the conductor; or, he may be connected 
with the conductor, and rubbed with a brass ball 
wbich communicates with the ground. The fric- 
tion thus produced is evidently more penetrating, 
more active; and more powerful, than that which - 
_ communicated with'a flesh brush; and there is; 
1 apprehend; very little fear of being thotight too 
banguine, if J assert, that this, when used but for 
tes, will be found mote efficacious than 


a few mitt 


. the other; after Several hours. application, | Elec⸗ 
r e bere with peculiar. PO: W 


. . BS |. 
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spasm, pleurisy, and some stages of the palsy; and 

in every case answers the end of blistering where 

the discharge is not wanted, being the MARE 

0 powerful stimulant, we know, 

4. By taking strong sparks from the.. OG, 

; ap as in every other case, the operator may 
| connect the ball of the director with the positive 
or negative conductor; or, he may connect the 
1 patient with either of these, and the ball with the 
ground. Now, it is clear from what has been 
already laid down, that, if the director be con- 
nected with the positiye conductor, the fluid is 
thrown upon the patient; if with the cushion, the 
fluid is extracted from him. Let the patient be 
: jnsulated, and the action is in some measure re- : 
SE. verseds if he is joined to. the negative conductor, 

bo. or cushion, he will receive a spark ſrom a person 
standing on the floor; but if he eommunie te 
with the positive conductor, be will VF. the 
spark 40 the person on the ground. 

Se causing a current of. the 8 gu! to . 
3 | pass 12 one part of. the. Body „and thus confining | 
—_ and concentrating its operation. without communicat- 
ing the Shook. Place the patient in an insulated 
-- chair. and touch one part of the body with » 
= | | director joined to a positive conductor; then with N | 
aA brass ball communicating with the ground touch 
x another part, and when the machine, i is in action 
5 the fluid will pass re the e t; as 


„ * 


„ 
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the conductor to the ball: the force of the stream 
will be different according to the strength of the 


machine, &c. Or, conneet one director with the 


cushion and the other with the positive conductor, 


and apply these to the part through which the 


fluid is to pass; and, when the machine is in ac- 
tion, the electricity will pass from one ball to the 
other. It is not e ns to insulate the 9 
in this case. 
6. By the shock. Which mi he given to any 
part of the human body, by introducing that part 
of the body into the circuit which is made be- 
+ tween the outside and inside of the; jar. This is 
conveniently effected by connecting one director 


by a piece of wire with the electrometer, and the 
other with the outside of the jar; then hold the 
directors by their glass handles, and apply. the 
balls of them to the extremity of the parts through 
which the shocks are to be passed. The force of 
the shock, as we have already observed, is aug- 
mented or diminished by increasing or lessening 


the distance between the two balls, which must 


be regulated by the operator to the strength and | 
sengibility of the patient. When the little jar 
with the glass tube is used as a common jar, both _ 
wires are to be left there, and the shock is com- 
. municated by two directors, one connected with 


the bottom, the other with the top, by means of 
9 the "Oey $667 the plate N the title. 
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Soc this Essay. Tbe operator will often- $ud 
himself embarrassed in giving small shocks, the 


fluid passing from the conductor to the ball of the 
eleetrometer, instead of going through the circuit 


he desires: when this happens, which, may be 


known by the chattering noise of the spark in 


| passing to the electrometer, the resistance formed 


to the discharge i is so great, that the fluid cannot 


5 force its way, through the circuit. To remedy. | 
this, and lessen the resistance, pass two metallic 


pins through the cloathing, so that they may: bs 


in contact with the skin; which will den the 
| resistance, and conduct the fluid. Ne 5 


7. By a: sensation. between. a: shock 02 W Om . 


which does not communicate that: disagreeable feeling 
- attending: the common. Shogk. This is effected by 
taking out the long wire from the small medical 
Jar, and leaving the shorter one which is con- 
5 nected with. the tube in its place; the directors to 


be Eonnected and used as before, In. 1 
bibratory shock, the electrometer” may be 
drawn to; a much greater distance; ſor, the rapi- 


dity. with which. the charge of the jar sends for- 


ward the charge of the tube is sufficient to over- 


come the resistance of large body of air. The 

| effect of this species of shock, if i it may be called 
one, is to produce a great vibration in the mus- 
cular fibres, without inducing that pungent sen- 
"zation which the sbock effects. It is therefore, 


* 1 \ 
$ — ? 4 25 1 
1 3 4 
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applicable to some stages of palsy and rheuma- 
tism; cps e serve as an artificial means of 
exereise. 

8. By ado 8 W Iheallace the patient, 
and place the ball g, in contact with him, by 
which means this director is charged. Now, if 
a wire is conveyed! from the bottom of this to 
the top of another director, the bottle direc- 
tet, plate 5, fig. 100, will be discharged when- 
ever the ball, I, is brought in contact with the 


Patient; 56 that, by bringing it down with rapi- 


 dlty; any number of mall shocks may be procured 
in a minuts. Or, cofinect' the insulated patient 
With the top er inside of a large charged jar, and 
then this apparatiis, used in tlie foregoing manner, 
will discharge from the large jar, at each spark, 
its qwn contents; and, by repetition; discharge 
the whole jar. Thus, a number of shocks may be 

given, witkout dee Hy 15 machine, 2 
| er employing an assistant. 
| 9. By paving” the mY nus . in the” 
Depden jar through a diseased part, without giving 
; the shock, Connect a director by means of a wire ö 
with the ball of a Leyden jar; charge the jar 
either completely or partially, and then apply the 
ball or point of the conductor to the part intended 
ts be (electrified, and the fluid which was con- 


dense slow stream, attended with a pungent sen- 
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sation, wh "TY produces a considerable degree of | 
warmth. If a wire that communicates with the i 


7 ground is placed opposite to the end of the direc- 


tor, the passage of the fluid will be rendered more 
rapid, and the sensation stronger. Or insulate 
the patient, connect him with the top of a jar, 


charge this, and then apply a metal wire or piece 


of wood to the part through which you mean to 
make the fluid pass. It is obvious, that in this 


case the circuit between the inside and the out- | 
side of the jar is not completed, therefore. the 
shock will not be felt. The condensed fluid: : 


passes in! a dense slow stream through the re- 
quired part, while the outside acquires a sufficient 


quantity from wie ar, it to restore the bh 


am. e ee mil enggy onal gt tin 

It is in all cases OG ee to -bogio hs 
the more gentle operations, and proceed gradually 
to increase the force, as the strength and consti- 
tution of the patient, or the nature of the disorder | 
requir 6 stream from a wooden point, a 6 
" all, or brass point, may be Hirst used; 


sparks, if necessary, mexüthen. . taken, or small 


| Sbocks given. 5488} „ 1 2 e 5 Tot . "I 


In rheumatic | oases, he Seca frietian. is ge- 
nerally used. If the pains are local, small sh. 


ected with Rannel, and r ruh 


may be given, To relieve the tooth- ach, very | 
Small sbocks may be passed through the tooth; 
| or, cover, the part at 
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* 


it with: a Sroojor: communicating with the ma- 
chine. | 
In inflammations, and other 5 of ay 
eyes, the fluid should be thrown from a wooden 
point: the sensation here produced is that of a 
gentle cooling wind; but, at the same time, it 
ns a genial warmth in the part affected. 
In palsies, the electric friction and small shocks 
are administered. Streams of the fluid should al- 
ways be made to pass through the affected part. 


Ina former edition of this work, I mentioned 


that the electrical operations carrying on at a 
great hospital, under the direction of Mr. Birch, 
had even then gained some reputation. And I 
_ ventured to express my hopes, that the science, 
being taught under the cautious eye of public 
scrutiny, would be more universally diffused, and 
that its merits would soon give it an established 
rank in the art of healing. That these hopes are 
fully realized, will, I think, be evident from the 
following letter on the subject of medical elec- 
tricity, with which I have denn ee 05 
. . | 
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SIR, 


Ok pains you have aka to. | diffuze, 3 


; knowledge of electricity, and the unremitting at- 


tention: you haye paid to the improvements of the 


apparatus, claim the approbation of every one 
whose Study” has been directed to the seience. I 


am happy in an opportunity of testifying how 
much the success of my practice has been owing : 

to the expertness with which you have remedied 
the defects I found in the machine, as they have 


= 


5 presented themselves to me in the course off my 
experience; for; without your aid Þ should; like 


many others, have been tired out by the inefficacy 


4 
| 1 
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of the” instrument, though 1 Abou not, like 
them, have condemned the art for the faults of 
. the artnet © ; 5 
The public have a. Hb to expect from me . 
5 some account of the result of those experiments 
in medical electricity, which I have now been 
more than twelve years engaged in, and in which 
I could. never have so invariably persisted, had 
I not found it in many cases exclusively eminent 
and efficacioùs; for, if it applied only to such 
diseases as were curable by e other means, it would, 
I am sensible, avail little in practice: but its me- 
rit is, that it often affords relief where every other 
bope is lost, and saves the noble art of N 
from the opprobrium of amputation. | 
4 It was not till after several years experience, 
that I formed in my own mind a system arising 
from its actions on disease: this system was the 
result of continued observation; and, as it has 
enabled me to teach the practice more scientifi- 
| 2 I can have no objection: to add it to your 
L Essay, and to illustrate it by a. series of 
as : , Which will enable the reader to judge of the 
5 or deception of it. If it should induce those 
who may have taken up the practice without a . 
sufficient knowledge of the subject, to resume it 
on better grounds, J will venture to say it will 
f 8628 their Sea e BON are mas- 
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ters of the instrument, and are copulate with. 
the cauge and seat of diseases. * 


The applications of the electric fluid to ths 


diseases of the human body may be all comprized 
under three heads: the first, under the form of 
radii, when projected from a point; the second, 


under the form of a spark, when many of these 


radii are concentered on a ball; and the third, 
under that of a globe, when many of these sparks 
are condensed in a Leyden jar. Now, to each of 

these heads a specific action belongs: the first, or 


fluid state acts as a sedative; the second, concen- 


trated state, as a stimulaũt; and. the last, Ragan 

sed state, as a deobstruent. rb] 
Under these three by. e ke ks 

electricity to disease, being guided by anatomy to 


the distinction of local from constitutional com- | 
plaints: in the former of which I trust to its 
power simply: and in the latter, ot the aid of 5 


the physician and his art. pf! 


The apparatus I have algo. ee to a. Loiple : 


| ne consisting of a moderate sized cylinder, 


conductor, and Leyden jar, with an inzulating 
_ chair and electrometer; a glass mounted director 
with a wooden handle, to the extremity of Which 
a brass ball and wooden point are a a —. 
brass director mounted in wood. 8 ON 


When I wisb to apply the fluid, 1 ane Fs a. 
amooth wire the ene director to Se: 
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conductor with a point at its nctrenaie}y ood whe 

_ radii are projected fromi it to the part affected. 
: © When desirous of propelling the sparks, I change 
the point for the ball. When the shock is in- 
tended, the circuit of che Leyden jar must be 
made. A person insulated may be subjected to a 


two-fold intention at one moment. Suppose a 


pain in the eye, requiring a sedative application 
to the affected part, and the stimulus 6f a blister 
at a remote place: the fluid may be flung from 
the wooden point on the eye, and stimulating 
sparks may he drawn at the same instant, by a 
brass ball applied between the shoulders. 


By means of the electrometer and these direc- 6 
tors;the shock is also manageable to the most exact 


| lp; and applied to the seat of discase/only; 


The ingenuity with which these simple thodss - | 


of png may de varled, to puzzle and de- 


beervation. of 4 by-stander, is un- 
ded, be would as formed a grand basis 
piricism, if they had been artfully employed; 
electricity has escaped àbuses, and,; I trust, 

is worthy. the serious attention of every practitio- 


ver, 1 submit the following cases to the eandour 
ol the public for their determination, whether 
I have followed an idle pursuit, or dedicated my 

* +« hours to an important object, that has already 
; Ov in no ee en OI eh tc to 
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Care of the electric power r in the for 1 
| rady or 15 800 . 


l a 18, RE" a bil ** a hammer 

on his thumb, the pain of which extended up bis 
arm; the flexor muscles were in a short time 
thrown into such strong action, that the fingers 


were immoveably contracted. "Phe proper reme- 


both internal and external, were ineffectually 
applied for several weeks; the lad was then sent 
to St. Thomas's Hospital, under the care of Mr. 
__ Chandler, who, finding his applications unservice- 
able, sent him to the electric room for my opinion. 


In the presence of several of the young gentlemen, 


ä 1 placed the lad on the insulated chair, and, con- 
eee him to the prime conductor, I drew the 


electrie fluid from the fore arm by a needle point. 


In about three minutes he complained of uneasi- 
ness in the flexor muscles of the fingers; immedi- 
"ods: the fingers began to extend, and in about 
five minutes be had the complete use of them. 
The indention in the palm of his hand was 
nde from the length of time the fingers 
bad been contracted. I prognasticated this effect 
would not be permanent; it continued, however, 
ill the hour of rest, but in the morning the hand 
K  clenehed, This readily gave way to the re-appli- 


oation of  eleetricity the next day: on the third 


— 
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day the spasm returned, but in a much e 


; degree: the same application was continued. for 
9 six days, when, the muscles appearing to have 


recovered their tone, it was desisted from. Some 
appearance of relapse being observed on the tenth 
day, electricity was resumed, and continued for- 
Several successive days; and at the expiration of a 


month; the lad was. presented from the hospital 
well. About. ſourteen days after, he returned to 
- the. hospitel with his. fingers again contracted, 
owing to an exertion he had made in the use of a 
bammer at a smith's forge. Electricity was ap- 


plied as before, and with the same good success. 
The young man who had the conduct of the 


machine, choosing to depart from the system 1 


recommended on the third day, drew some sparks, 


and passed a ſe slight shocks- through the mus- 
dles of the ſore arm, which immediately ebase 
the contraction of the fingers, and so strong, that 
they; evuld not overcome it by the fluid for tbe 
three succeeding days. I was then acquainted 
with the fact, and putting the machine into high 
order, 1;drew the fluid from the band and arm 


for, about six minutes; I then perceived a tremu- 
lous motion take place in the flexors, which was 


| followed: by an extention of the fingers one hes: 


the other; the antagonist muscles then acted $0, 
forcibly. as to bend back the fingers; a perfect 
en 9 n next took place, and 5 lad 


0 
* 


— 
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| was relieved as usual. © directed this 1 treat- 


ment to be continued every day for a fortnight, 


when RE was ce W e fram the jo hope 


cured. 


1}, 


A 8 of Mr. Rev 5; ws i beet, 


hill, had been three years afflicted with a coldness 
and total loss of the use of his lower extremities; 
he had gained no relief from the advice and re- 


medies be had used, and therefore was sent for 
my opinion. Upon examination of the spine, 


I éfound no reason to conjecture it depended on 


any affection of that part; the disease had gradu- 


| ally come on from à chill, after heating himself in 
a summer's day; he was otherwise well in health: 
I therefore thought the electric friction or shock 
s probably be serviceable, and I put them in 
The first week I made powerful frictions, 
1 ih no advantage: the week following I used 
shocks, and increased them from day to day, but 


the patient was not better; however, he felt no 
inconvenience from the experiment. I then pro- 


posed to chim, that for one month he should re- 


gularly suffer me to draw the fluid only through 

the affected! limbs; and I had not adhered to this 
simple experiment more than one week, before ' 
evident advantages were perceived: I determined 
| Theefors not 1 60 alter my hs and within: the | 
5 e * 
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month proposed my patient was able to walk with 
. the help of a stic en; e 
Top. - Somebody advised him to as a bathing, 
ve) | but he staid so long at the edge of the bath, that 
=. no re-action followed the use of it, and his ex- 
tremities again failed him. He applied to me, 
and F put the same method of electricity in use, 
with equal penn success; Sen morſe ine a 
. e . | . 


* ? — # * * ad ; : « 
1 — — — . * N . * * en 
2 ©» 3 % A & 4 * +. b 


* 


<A young een a bp at St. Tho- 
mass Hospital, bad an eruption of his face, which 

' followed a fever, and which had resisted all the 

advice and treatment of eminent abilities. It 

: appeared in small blisters, which broke and scab- 

bed, and were extremely 7 unpleasant in their | 

appearance. T persuaded him to let me try the 
experiment of drawing the electric fluid through 

the ; parts; to which he readily submitted, though 
he laughed at the proposal. The instant relief he 

05 - pd from its first application, changed his. ridi- 

- cule. into hope: he was. glad to repeat it every 
day, andi in one week he was well. Some weeks 

. be was fishing, and exposed to the power of 

_ the sun, which renewed the blisters: he called on 

me that day, was electrified a few times; and re- 

| 2M heved" as s before. ee ee eee e v 
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Mr. . — having been a great while under 
the care of my friend, Dr. Huck, for an eruption 
on his hands and fingers, without the least relief, 
came at length to consult me, by the Doctor's 
desire. The eruption had been suspected to be 
the itch and scurvy, and had been treated accord- 
ingly at different times: the discharge was copi- 
ous, the skin stiff, and the fingers unpliant. It 
was in vain to propose unguents or lotion, I knew. 
the skill of Dr. Huck had left none untried; I had 
rt to propose the experiment of the electric 
fluid, which immediately gave 80 pleasant a feel 
to the skin, and rendered for a short time the 
fingers so pliable, that the patient and myself 
were equally surprized at the effect. I requested 
that no application should be made externally or 
| internally; J applied the fluid only once a day, 
and in a fortnight he was log at ang and a | 
remained so ever since. FFF 

About two years since, el same e gentleman |. 
finding a little girl, about nine years old, affected 
exactly in the same manner, recommended ber to 
my care. as applied the electric: fluid in the same 
ace and obe was as in 2 one en s time 
5 5 323 5 — — 

bee "ROS ri 9 who had ca 
ber mother during an inflammatory fever, was so 
exhausted, that Mr. Cru ird thought it n 

eile she could survive the day. Ts mother had 
| | CITY „„ 
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| recovered; but was it in a very weak state; ads abitd 
bad; lost all febrile symptoms, and had gion 4 
critical abscess near the knee, but the p powers of 
fe seemed to be exhausted to such a degree, that 
the infant was incapable of taking sustenance, or 


Fefresbing itself by sleep. In this state Mr. Craw- 
furd thought it would be a very fair experiment, 


to try if the electric fluid would as it were re- ani- 
mate the system. The nurse being seated in the 
insulated chair, the fluid was drawn through the 
child for a few minutes: the languid pulse was 
evidently strengtbened, the child went almost 
immediately into a quiet sleep, which lasted two | 
hours; on waking, it took the breast, then slept 
again; in the evening it was most clearly better. 
| L.electrified: it again; sleep and food alternately 
eeupied it till the m morning. From this time the 
cbild throve and grew strong: the abscess in a 
few days pointed, I punctured it, and discharged 
An dude of good pus; two. other abscesses formed, 
and at least an ounce of matter was discharged 
boom esche daily electricity. was continued, the 
xces8es were only kept clean, and dry lint ap- 


"pling. 10 them: the Peruvian bark was given to 


the mather. Notwithstanding this large depot 1 
matter, the child mended daily, eee 


"healed: kindly, and the child recoyered. 41 
Two r after E inoculated wee be allo 
« CAN Ges l xy "# by if . 148 r Petr: : 5 a 
; * 2 
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is indi; of six ihe remarkably healthy, 


ö Wy born of very healthy parents, was inoculated 
7 in the spring of the year 1780, and had the small 
pox very favourably; she was purged afterwards, 
and returned: home. In about two months, the 
lymphatic glands in the neck appeared tumid, the 


ebild- lost her appetite, her faeces were of a bad 
colour, she fell away, and the tumours increased, 
Dr. Hebberden was consulted; and, after the child 


had taken the medicines he directed for some 
weeks, without any relief, I waited / on: him, to 


know bis opinion of the case: with his usual per- 


ppicuity and eandour he told me, he thought the 
| child must die, because the glands. of the mesen- 
tery appeared to be as much diseased as those o 
the neck, which now were suppurating. For a 
dernier resort, I proposed to him a trial of the 
electric fluid; to which he readily assented, as 


from that mode 1 enn be gn 19e- no harm 
could result. i ane; 
The next op I 49525 the nurse in che chair, 


5 agth; the child in her lap; 3 tied the wire, con- 
nescted with the prime conductor, to the infant's 


band, and drew the fluid through the tumours; a 


I next presented it to the abdomen, and .conti- 


ned the operation a few minutes: the sensation 
appeared agreeable to the child, for she 8miled —— 
and played during the whole time: as she rode 
hows she fell asleep; on waking, ohe took. noy- 5 
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rishment, appeared more e cheerful during the eve- 
ning, and rested well at night. In a very few | 
days, there was a visible alteration in the child's 
spirits and general appearance; the tumours, 
which I thought would burst every night, did not 
discharge till the tenth day; she then gained 
appetite and strength: I applied nothing but dry 
lint te the ulcers, and continued to draw the 


electric fluid through them daily; they healed 


quickly, the surrounding glands diminished, the 
abdomen grew soft, and in about two months she 
was recovered. The summer advancing, I ad- 
visec sea-bathing, which was accordingly! put in 
use; the girl has been since in perfect warnen m | 


no We nts e. ue een en e 


ory unt meld in ny — was Wee 
ji the autumn of 1781 with a constipation in the 
bowels The first day she kept her complaints 
from the family; the next, she was sol ill, that the 
bee, was sent for, He endeavoured, by 
five purgatiye doses given at proper intervals, to 
open a Passage; on the third day, the medicines 
being ineffectual, a clyster and the warm bath 


were administered; nothing succeeded, her pain 


Was extreme, her pulse very quick and low; she 


beben to vomit. In this extremity, it was pro- 


ito electrify her; she was brought into my 
u se, and placed in the insulated chair. I con- 


** 
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nected the chair to the prime conductor by A 
wire, and drew the fluid through her cloaths with 
a steel point. She instantly complained of a 
burning heat all over her body; in less than two 
minutes, the pain in ber bowels increased 80 vio- 
lently, that she fainted; on her recovery she felt 
quite easy, and was in such a hurry for an evacu- 
ation, that she could Scarce reach the. conve- 
nienee. After this, she was carried to her bed 
and fell asleep. In about ſour hours after, her 
pain and constipation returned; I directed her to 
have the experiment repeated; it was followed 
with the same suceess, a second evacuation was 
produced in ſive minutes: her medicines now 
- took effect; their operation, as may be suppqsed, 
was violent. The rest of her cure remained with 
 thes 0 eee she ee in a few a. 5 


Wy tals ds of 70 years old, of a 8 * 
be, constitution, after. a fit of the gout, had 
ber foot and ankle swelled and weak; she boped 
the advantage of country air and exercise would 
restore it, but she got no better. As she passed 
through London, she congulted me: I -persuaded 
her to let me pass the electric fluid from a point 
through the affęctell joint;  she” complained, of 

_ feeling a creeping. sensation up ber leg as I was 
_ electrifying! the ankle; it was then evening, she 
5 gropy b hot and restless, slept ll Med ae od e 


* 


— 


8 ee ee 


bert or ing was surprized with an eriplicer; of 
the catamenia. T was not alarmed at this, as I 
had known similar circumstances; ' 1 requested | 
| her to keep at home and do nothing: after the 
third day they disappeared; ; the swelling of her 
foot subsided, she recovered the strength and 
use of The! lob, 8nd: "turned: wie: kn per- 


141525 * 


mY Intermittent complaints were een 


1 quent in the years 1780 and 81, insomuch that 


the failure of the Peruvian” bark, which had been 
considered as a specific in this disorder, was re- 


| 1 marked' by many prictitionas, and ANN the red 


bark was introduced. EO „ Rs 20 ar Eo ber LEE 

Several patients were oubmitted to the experi- 
men ts of electricity, when other means failed of 
{aw the nun of en . 5 
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2 A when man, "aged 225 had: Mean i moths | 
'afflicted with an ague, which at its commence- 
ment was a tertian, and degenerated into a quar- 


tan ague; he had taken the cortex, and various 


other remedies without success; he was much ; 
emaciated: I electrified him with frictions; di- 
ede bim to ey che bark again, and 40 come 


* | : 7 
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| when he expected his next fit. The bark would 
not stay upon his stomach, but he came on the 
day he expected his fit, one hour previous to its 
usual time. I placed him in the insulated chair, 
and applying the ball of the glass- mounted direc- 
p00 connected to the prime conductor by a wire, 
to the region of the stomach, I poured a stream 
of electric sparks into the stomach, and extracted 
them by a brass ball applied up and down the 
spinet he perceived himself warm and easy, yet 


gat the expected time his rigor attacked him. 
3 immediately electrified. him again in the same 


manner, and in less than three minutes his rigor 


Ceeased: in fiſteen minutes the rigor returned, 


I repeated the operation with the same effect; his 
pulse now quickened, and the fever came on; he 


went home and into his bed, the sweat succeeded, 


and the paroxism ceased: the succeeding day he 
found himself much better than usual. I conti- 
nued to electrify him i in the same manner the ſour 
ing days, and his fit did not return; then 
©; directed him to take the cortex in powder, 
Which agreed n I with/his stomach, _ W 
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: 2 E Me: eee belag of by this: case, e : 


gatrify a patient of his, who had a quartan 


ague, which resisted the cortex and other reme- 
dies. 1 applied the sparks to him in the same 


| q : - o 0 * 
1 
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manner, and at the aces: of the cold fit, with 
equal success. Aſter being electrified, the cortex 
would rest mo on stomach, and his e never 


5 
- 3 en . ron” 2111 ef gs | 
Rb 25 
. | . * 2 e 5 N | 
i 5 N ; «3 
5 0 8 in my e 


3 many months afflicted. wich a quartan ague, for 
3 which he had taken a variety of remedies with 
very little relief. In April 1780, he was tor- 
mented with a. periodical pain in his head; pre- 
ceded by shiverings, and attended with fever. 
A physician directed for him a vomit, and the 
orten to be freely. taken after it: this judicious | 
treatment however gave no respite to bis pain, or 
 alleyiation to bis eee J was therefore in- 
n compassion to try the effects of elec- 
tricity on his case. I insulated him, and passed 
1 "og $treatg” of. electric: fluid from the forehead 
Sn . through the back of the head; this epeedily gave 
dae, but only for a few minutes: I then covered 
ab ae be and rubbed the sparks 
= the os frontis, extracting them from the 
Oociput for a ſew minutes. This application suc- 
cC“eeeded, his pain ceased, he passed a comſortable 
|  _— and slept well at night; but about an 
hour after he rose in the morning, his pain re- 
turned as violent as ever: he came, and I repeated 
the frictions as before, but could gain only a 
3 . maomentary intermission of bis anguish. I re- 


. 1 
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solved FINER to try the effect of a gentle shock 


through the affected part; his pain was instantly 


removed to another part: J repeated the shock in 
Fs the direction he pointed; the pain vanished, and 


never returned. By the advice of the physician, 


0 00 ee the bark ener- 250 


Gd Pet #4" -4 
# X38 


tas 3 servant was . ey. 4 e 5 


een which resisted the bark: I electriied 


her with the sparks, and stopped the pain. She 
remained well fourteen days, and then an heavy 
_ wash renewed the pain: I eleetrified her a second 
5 time in Ons ee 3 Ee nth 


OTE Se 
tee in we Wente bad Han Jopgiaiflicted 
: ak a quartan; I electrified him at the access of 
the cold fit, by the frictions applied to the sto- 


mach and extracted from the spine, and stopped 
the rigor; no fever ensued, and he remained well 


one month. When waiting for his master at the 
House of Commons, he got wet, and his ague 


| returned; he then took a vomit and two ounces of | 
good bark, but his ague continued. 1 began 

again with electric friotions, and succeeded in 
stopping the fit the first time I applied en 


; <ctrified him every fourth day, for 
On month, rand his gue: did not. return. rig e317 
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returning paroxism. Just as I was sitting down 
to dinner, a, nausea and chillness seized me, my 
5 pulse quickened, and tlie fever approached: I or- 
: dered my bed to be prepared, but I wished: to 
| "= 2 experience t 0 sensation of electricity under this 
4 state of approaching fever; accordingly I was in- 


I did not escape myself from an attack of in- 
termittent fever. My friend, Dr. George Ferayee, 


„ * directed me an emetie, and some febrifuge 


1 draughts; after the second fit, he ordered the 
= 0 cortex, of which I took an ounce. and- an half, 
and I flattered myself with suecess, for several 

bours elapsed beyond the expected time of the 


— : 


sulated, and ſrictions passed through the stomach 
| | and spine. The feel was vastly agreeable, a glow 
0 : returned upon my skin, and the quickness of my 


pulse abated: on my return to the dinipg-room, - 


J found the effluvia of the table not disagrecable 


r me, I could have tasted something, but I re- 


E\ ed: I sat by the fire fifteen minutes, and 
1 ſound myself revive; before: I went up stairs, 1 
* repeated the electric frictions, and when I reached 
mmey dressing- room, I was too well to go to bed; 
1 1 5 *: e Jamused myself with reading for an hour, 
men ſound myself perfectly easy, free from 


5 heat or thirst, my pulse quite moderate, and my 
> with bread and butter; at supper- time I eat some 
RX: vegetable, and went to bed at twelve n well. 


* 
! 
* 


ach wishing for food: 1 took only Some tea, | 
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I continued well the next day, went abroad, and 
had appetite; I resolved to take no medicine for 
the sake of the experiment. I passed a good 

night, but at eight o'clock in the morning I found 
the fever beginning its attack: I rose immediately, | 
and ran to the machine; 1 was electrified. i in the. 

same manner, and the symptoms flew. before it. 

I remained well that day and the next, but the 1 

following morning, at nine o'clock, 15 began 

again to change; the electric machine was a | 
third time applied to with equal success; and 

ond: that e I never had anz return of wy" 

Cat an ; 


fg 34 


5 as young lady, Sn wh gs of: WY — 5 1 
in, was seized with a paralytic affection of the — 
muscles on one side her face; the eye-lid dropped... 
and the mouth was drawn on one side; stimulants 
were applied to the part without relief: when she 
Was able to go abroad, she came to consult m. 
I covered that side of the face with her shawl, and | 5 
drew the fluid through it, first with a piece of _ . 
_ _, wood, and a few days after with à brass ball in a I 
Vooden handle; the cheek on the affected side 4 
was flushed with a beautiful vermilion .colour.  _ 3 
1 every day, for. several hours after the applicationngmnzgmg I 
in less nt three. rocks: ah) Was een % 
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1 These local attticksi are not unco r bon; and, 

1 in unattended by: further e are not „ 
1 eee er mueh 1 moment. F 1 


A young man, 19255 235 was e with a . 
p50 which affected bis speech and the muscles 
of his face and arm. Finding little relief from 
1 the usual remedies, he applied to electricity; ac 
Þ - | the use of powerful frictions with a'metallic pets 
1 hey was ee recovered | in 2 about one n 
WL Ne” eld ian; ne for e years had han ' 
=:  groaning under the affliction of an hemipblegia, | 

and who, though wealthy, had not the heart to 
: apply to a physician for aid, and had too much 

Pride to ask relief from an hospital, came recom- 
muended for advice: I insulated him, and put in 
ne powerful electric eee ebe perry 


12 The : 


: PREY 


Pow. cured bim within e one month. FO eee : 
- OR — . FCC 5 . = vt . 2275 . 
a „ ANTE E | | - 
A, gentl tleman, 0 had bete man years ad 


1 invalid, but who had attained his Goth year, beg 
EF pp to a bleak wind, was blighted, if I max 
be allowed the expression, on the exposed side; 

te muscles on that side his face entirely lost their 

. action, his eye-lid dropped; his tongue hung slob- 

bering from his mouth, his face was drawn on one 


5 wy, his Fes affected, 10 5 arm . band 7 
7 9 * : * ; . 


7 * 
* 
* 2 


— 


on MEDICAL ELECTRICITY. 8 


1 his leg was but slightly 4 In 


this situation he advised with Dr. Hugh Smith, 


who was, no inactive practitioner; but during a 
month he received little or no benefit. By the 
Doctor's advice, he applied to me: I confess, 
I despaired of being able to render any relief to 


this patient, whose habit of infirmity was not un- 


known to me; but, being urged by a lady of bis 


acquaintance to leave no exertion untried, I ven- 


tured on the experiment; and the rather, because 


this lady, who was an infidel respecting electri- 
city, declared, if her friend's case was relieved, 
she would give credit to all she had heard. The 


method I put in use, was insulation and electrio 


frictions; which from day to day gained visible 


advantage, and in a few weeks established a cure; 


my patient being able to ride, and take sufficient 
exercise, besides attending to an intricate train of 
professional business, which called for his mental 


exertions. In the long vacation, be journied to 


Wales, and returned i in the winter in much better 
health than he had been accustomed to enjoy. 

Every spring, for three successive years, he wished 
to have a course of electrical erben which he 


thought reanimated his nerves. He is at present 


living, and enjoyin g a state of health, enabling 
him to use daily horse exercise, with a cheerſul 
mind and a vigour of health which indicate no 


e of his closing the e of ns lis. 
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due of the cold m are, in he ROWS 
Ei ne "OOO. OO 


9% AY of + 12 . de in . ien of; 


St. Clement's parish; had been left there two 
years with a fixed: Jaw, and with an enlargement 
of the ee e an ene to the ela- 
vicle. ah 47 0 

He bad been in St. Thomas's 8 Meinl; docs Y 
receiving benefit: he took his food through an 
aperture left by the loss of two teeth; and, ex- 


eepting this local malady, was in good health and 
ppirits. As it was customary for the children to 


flock about the machine, I one day passed a mo- 


dente shock through the masseter muscles and 
angles of the lower jaw. On my next visit to the 15 
1 e the master surprized me with saying, the 


boy had been able to separate his teeth ever since: 


a c Aber pected amendment induced me to repeat 
the e application. - On the second repetition, I per- 
ceived evident advantage; TI therefore. daily at- 
tended to it, and pas 
enlarged glands, one af; which in about fourteen. 
days, came to suppuration: the discharge n | 
this assisted the relaxation of the jaw, and gave 
me an opportunity. to discover a large portion of. 
diseased bone, which I extracted a ſew days after. 

5 3 of e pI off the , 


sed some shocks through the 


bor, 14 * 5 
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| brought | on the spasm, which was ' completely 
relieved: the next ie; 0 hes . of the 
shocks. 5 1 

The cause of the 0 CN hos 1 


nature effected the remainder of the cure, by dis- 
— persing the enlarged glands with the help of elec- 
| tricity, Supplying the chasm made by the exfoli- 
ation, and restoring the lad, who was very much 
disfigured by the disease, to a decent and not 


uncomely countenance; in consequence of which, 


his parents relieved the parish of his . by | 


5 . e W to en trade. 
. ee woman, d came into the work- 
| hohse pregnant, had been obliged to labour 
most |bare-foot, during the latter stages of bes 
pregnancy, in cold and wet situations. On her 


recovery from child-birth, her legs and feet were 1 
numbed and cold, her ankles extremely weak ang 
painful; when she attempted to stand, she had 


great pain in her ankles and trembling. Having 


recovered her health in every other respect, ard 
the apothecary finding general remedies of no 
effect, I was desired to try the experiment of 
electricity... I passed gentle sbocks through the 
ankles, where she deseribed her chief complaint © 
io reside; the pain was instantly relieved, a glow 
wer limbs, and continued for some 
15 | een On trpeating: 6d an the en * 5 


came ontthe le 


>; 


* 


na 
the hrain- in the direction he pointed out, that is, 
from the frontal sinus to the summit of the cra- 
nium. He was instantly relieved from his acute 
paain, the sight of his eye becam: 
3 ar, 8 himself eured as by magie. 
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the pay was c to her knees, a did. hot | 
return to the feet. On the third day, after being. 
electrified, she was able to walk, but the nervous. 
_ tremblings still affected her: I therefore passed 
gentle shocks from day to day, from her hands to 
her feet in cross directions; these quickly re- 
moved her tremblings, she gained strength daily, 
and i in a a fortnight NEWS out chaos the: mma N 


. . 


1 3 in „ Doe kid: bad 


i lost the sight of one eye in his youth, applied to 
me, with an aèute pain in his head, which he had 


suffered for some weeks, and which affected the 
vision of his other eye. The pain shot from his 
forehead to the summit of the crani „ and pro- 
duced convulsive spasm of the upper extremities, 


which were followed by tremors and great oppres- | 


0. 


Sen of spirits. Confiding in the notion of the 
el ric shock being harmless, under proper ma- 
| Te I did not hesitate to pass one through 


ne d and he 


Not trusting to the permanency odds ebnen 


215 eie I persuaded him to let me repeat the hock; 


alter which 1 e gt from wo summit of 
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the cranium to * vertebræ of the neck, and 
from the vertebre of the neck to the hands. 8 
I ma his POR 1 return in a few 


5 | hours. 


In the evening ihe: pain did! xtarn, but was 
1 $0 violent nor of so long duration. I re- 
peated the shocks the next day: on the third day 
be said his pain had vanished, but the weight. of 
bis hat was irksome to him; on repeating the 
sbocks in the same manner, this symptom imme- 
0 diately digappeared, and he could wear his hat 
with ease: on the fourth day he was free from all 
complaints, his pain, his defect of vision, his tre- 


bo mors, and his oppression of spirits had quite left 


| him. I passed the-shocks again for the last time, 
and had the satisfaction to find, a long while 8 
155 hen his e cure remained e by 


| DR dung woman BESS! the care . the late 5 
Mr. Ele, surgeon of St. Thomas s Hospital, had 
repeatedly strained her wrist; in consequence of 


7 which the ligaments were so weakened; and the 
| aurrounding parts so enlarged, that she had no. 


5 use of her hand. I would: have undertaken ;the 


give way to the successive applications of steaming, 


Cure in this state, but Mr. Elie thought it would | 


# . 


blistering and bandaging. After ten months in- 


|  effectudl trial of ae ede be delivered ber 


1 ms care." 
| * 1 2 N "Jt 
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ins of fledion: in ber fingers, and some ne 
strength in her wrist, but not enough to grasp a 
knife, or lift the smallest weight.” My mode of 
e her was, passing small shocks through 
the parts affected. every day; she gained sensible 


advantages each time it was done, and in fourteen 


days F presented her to Mr. Else holding a pitcher 
in that band containing two quarts of liquor. In 
a few days after, she was discharged well from the 
hospital. After six weeks, she presented herself 
to Mr. Else for inspection; her hand was strong 
and useful, and free from pain, same little en- 
largement and stiffness remained about the wrist 
Joint, which yielded to the repetition of the shocks 
in three days; but, as. sbe was able to execute the 
/ work of her service with ease, and to wash and 
scour rooms, it was inconvenient for her to at- 
tend at the hospital longer. Six years after her 
reęoyery, she again 8trained the same wrist, in 
wringing cloaths; she sought me at the hogpital, 
and 1 again electrified her in the Same: manner, 
8 cured. her completely. The last application 
Was in the year 1785, and I have en ee 
these es he chang ectly DM 285 
$ — . 8 
Sa Alz ee e of i, 3 e | 
win by the preceding case, desired me to take 
the case of a woman in St. Thomas's Hospital, 
who; — ag a e the.knee- 


$7 iS 
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pan, by a cond fall had injured the patella and 
its ligament; in consequence of which, consider- 
able tension, pain, and enlargement of the knee- 
joint, and of the whole limb, ensued. It had 

I continued- in this tumid and motionless state for 
eleven weeks, notwithstanding cataplasms, embro- 
eations,. oe hrs and E bad been put 
i, 

I ventured to 2257 trial of the LT abe | 
in this case, and passed several through the joint 
and through the whole limb, till she was sensible 
of an unusual warmth, which immediately re- 
moved her pain; for three hours after, she felt a 
remarkable throbbing, and her first sleep was dis- 
0 by the sensation of the shock passing 
dete the limb, a symptom not at all unusual. 
The next day the swelling was apparently less, 
and sbe bad placed ber shoe on ber foot 98 the 
8 time. I repeated the shocks. edt 

The third day after being Mectrified; bs” was | 
1 0 to put her foot to the ground. On the fourth | 
ay the swelling had quite subsided, and she was 
able to walk with one crutch.) I would have de- 
sisted from electrifying. her, as the intention of 
_ reducing the size of the; limb was answered, but 
she requested me to continue it, in hopes „ 

5 would enpedite the ſree motion of the limb. At 
the end of twelve days, she was able to walk i into 
e e e left ne e by my 


f 
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direction, lest it should impede RE Pur be 
perceived a crepitus in moving the limb, which 

2 woas at some times so considerable as to impede 
| its use, and to produce great pain and some swell.' 
ing; I therefore applied a proper bandage, | which 
remedied this inconvenience, and she was dis- 

5 missed from the kool 5 in a few days after, 5 5 


2 


The: Snccess — 9 1 1 e nf 
„ . dectrictty to the two last cases, induced Mr. Els 
to send for me in the month of June 1779, to a I 
. man whom he had taken into the hospital ſor what 
/ Is commonly called a White swelling of the knee- 
joint. The disease commenoed about three weeks 8 
before his admission; he was first attacked with 
| 5 Ne Wt har pain under the patella, which was plowed 
by a swelling, the agony of which produced a a” 
3 85 cConsiderable fever, which lasted nine days, and 
1 _ then, eft a vast enlargement of the joint, with evi- 
d.,eſſit Haetustion, the limb contracted and wasted 
e and below the knee. On minute exa- 
_ mination, the inner condyle of the femur Was 
. T thought this oireumstance an ohjec- 
2 to my experiment, but at Mr. Els desire, 
1 began to electrify him with moderate | shocks, 
- mhiek; produced an immediate warmth in the part 
continuing for four hours after. I visited him 
b every day, and repeated the shooks. | DN nnd | 
= 2 be Noe 4 set bis fe | 


—— 


. 
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8 gradually loaned, from day to FEY the 
fluid was re- absorbed, the limb gained strength, 
the muscles filled out, and at the end of the fort- 


night he was able to walk as far as Tower-hill, 


On that day he omitted to be electrified, but felt 
the want of it sensibly; I resumed the shocks the 
next morning, and continued them to the end of 
- ths fifth week, when the tumor of the soft parts 
was entirely reduced, the contraction of the limb 
removed, its size restored, and the leg perfectly 
useful. He was desirous of returning home, 
and ene was e e * the 
a „ 

The 3 of. 5 inner nondyla. of the 
8 was very evident when. the tumor. of the 
Soft parts subsided; but, on examining the whole 


. limb, I faund a similar appearance at the lower 
extremity of the tibia, and the patient told me, 
that about ten years. preceding, when a boy, he 
cisez in con- 
sequence of which he lost the use _bfithis lower 
limbs, which conſined him several weeks to bis 


went into the water after strong exe 


bed. On his recovery, these two swellings were 


observed, which had N ever sinoe Wen | 


much inconyenience toms TH og iy ap 


pb * Elte giving little 9 to 3 Wee 


ned to think the cure incomplete; but I hat 


reason from particular inquiry to think the fact 
was as the patient related, and thereſare it was | 
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agreed the man could“ present himself N us 


at the expiration of six months, which he accords - 


« © ingly did; and Mr. Elie was so satisfied of the 


| Zi effects of electricity, as to declare, he would never 
+ amputate another limb bat an ee 1980 wr © 
. 19 80 properly tried. „„ l | 


4 a 1 54 . 
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5 the month off or He bowing. Mr: Ele ö 


COS; me to repeat the experiment, which had 


80. bappily succeeded in the last case, on a boy, 
aged 16, who was admitted into St. Thomas's 


- Hospital with/ a similar swelling of the knee · joint. 


The lad's account was, that on the 19th of Au- 


with an acute pain about the knee-pan, which 


 waked him; the joint became immediately stiff, 
. and soon after began to swell; the pain increased, 
. and Was attended with a considerable degree of 
fever for several days: when the tumor had in- 
| 8 certain degree, the pain and fever 


FE nd left him with a useless limb, much, 
ted, and incapable of touching the ground; 


flaccid; and inelastio. Some blood was: 0 en 
the part by leeches, but without any relief, ee 


September 26th,” I undertook the treatment of | 


HED 5 bim; I passed gentle sbocks, as in the former 
cas; until the part felt a sensible glow of heat. 


1 


: gust, whilst sleeping in a chair, he was seized 8 


aw; m ugcles above and below the joint wasted, : 


The skin was 80 N e that it. bad A 5 


— 


? 


5 
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ee abpearanoe,4 as if smeared over with the 
white of an egg; but in four days chis appearance 
left him; the boy found ome: Banged, and much 
more warmth i in bis leg. 3 5; N 
October Ist, he was 8 with a ie at 


dhat time epidemic; he was speedily cured by the 


attention of the physician; but this cirgqumstance 
had no effect on his knee. On the Ath of Oeto- 
ber, my apparatus broke, and being sent for, to 
Brighton; he was left without any aid till the 16th 
at which time I found him precisely in the state 
I bad left him, I then resumed the shocks, the 
good effects of which were plainly evident, for he 
could immediately move the limb with acquired 
facility. He now began to mend very fast; in a 
few days he Wen aaf one crutch, and e + 
after the other, - 

On the 26th of 8 Yue was. 5 to: 9 
{hats the Borough to Ex5ex-8treet i in the Strand, 
and to return home again, with the assistance of ' 
only one stick. The swelling changed from the i 
inner condyle of the femur to the external one; 
with a deep. Seated. fluctuation towards the patella; 


the limb was restored to its size and power, the 


5 contraction almost removed, and the ae en 5 


much abated. I continued the stocks till the 
14th. of: NO ember, when; the. fluid Was entirely ö 
absorbed; the contraction removed, the limb was i 
en 1 been jeeful, and the lad bog: de- 


eee 


0 


| fant roteniags to his huziness, was di | 
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LON hospital well, 5 1 175 | 
1 examined him the as of, 3 1780, __ 


. was s beppy to pg [be Rt an e 125 ever 


7 > % 85 . 1 „ : . p 75 bt 1 . 
* 4 8 pe & 9 


__ who had formerly had this swelling of the 
joint, which had been treated with fomentations, 
| leeches, and internal remedies,” and had for some 
time a discharge by two issues made with caustics 
on each side the patella. The amgutatian of the 
A had by these means heen postponed; but, as 
the kulee was contracted, anti the limb wasted and 
useless, the patient was not unwilling to have it 
, removed, since the i Seas ach ie 2 
ber going to service. ee MG; 


TN 3 I first thought prope 6 try to ſts of the 


trie shock, which happily s 


e den, and giving tone to the mus- 


= the limb; so that in a few weeks wy: "uw. 
: K At 5p pital knen £ Kt PETRO 

57 55 r 5 a - i l | Als 
an beg in Wee beg os "wa Tu 
"the with this disease, was cured by the tak- 
ing repeated vomits of turbith mineral; the effects 


of which, however, so deranged the stomach, that 


it 'never recovered its tone. In the winter of 
1763, he was FRET) attacked with: a, oo of 


A woman was admitted into St. Thomas's' Hos- 


» 
7 


\ 
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the knee, the progress of which was extremely 
rapid, and he was incapable of checking the pain 
by the comfort of opium, because his stomach 
rejected both food and physie. In an extremity 
of anguish, with an high symptomatic fever, de- 
. . jected spirits, resting his last hope on the relief of 


Bath waters, but incapable of any motion, he sent 
for me, having heard of the suecess I had met 
with in similar cases. When I got to his house, 
Mr. J. Hunter was expected; I waited to consult 


with him, and learning the hopeless history of the 
case from ia I p ran 
heb 

The patient was FIR 8 my e 


3 35 
WE, IR 


5 
KS 
. 
* 


coneeiring in the agony he suffered, that an ele- 


trie shock would increase his misery: I thought 
| | othrwie and persuaded him to try the experi- 
ment in the presence of Mr. Huntor. The shock 
was not painful; as he expected; on'the contrary; 


he bore several repetitions of it, till the part ſelt 


such a glow, as it sbould do after a well-applied 
ſomentation. I leſt him rather less in pain, and 
much satisfied with the experiment. In the eve- 


nig J visited him again, found him more easy, 


with a less frequent pulse; and aſter having re- 
peated the shocks, lie was able to move bine 
from one side of the bed to the other. He got 
sufficient sleep that night to refresh him, and was 


ensibly better in the morning. J repeated the 


| ee to «rag 


8 
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Shocks moraing avis evening: on the u. 


doses of opium abated the irritability. of bis sto- 


mach. From the third day, be gained apparent 
advantage each time he Was electriſied: at the 


end of a fortnight be was able to ride in a coach 
to my house: at the expiration of three weeks he 


returned bis visits, walking with the ee ons; 3 


Stick: in ee e ee ee EE 


5117 105 N . —— 


" ds gentleman. who _— pegleeted/the © ins : 


" herniæ humerales testis, applied to me 


. with a very large scirrhus of one of his testes, 5 
1 Which I first attempted; to- resolve by mercurial 5 
_ . frietion; by vomits, cataplasms, and other external 
eee, These active remedies failing of, 


success, I consulted Mr. Else, who thought cas- 
tration the only resource; hut, as ne spermatio 
chord was not enlarged, he advised 


to be deferred till pain approached... Sa Enos ö | 


| During this interval, L . 0 pass t 17 
shock of a jar, which would Contain two quarts. of 
Water, through the part; the pain of this sbock 
was not 80 much as I expected; the tumor, 
though large and pendulous, was liſted by the 
action of the cremaster muscle tight up to the 
eee ring; a considerable heat was felt for». 

me hc ours un the e 5 "Nothing: ee was 


1 2 


cond day; 
he was able to get out of bed and have it made: 
he slept well that night; his ſever subsided; small 


| 


3 7 
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41 for a month, at which period 1 thought the 
hardness not s0 stoney, and proposed to repeat the 
shock, which was done. He went out of town 


for another month; at his return, I could plainly ö 


perceive the tumor separated into three bodies; 
I therefore repeated the shock. He went far dis- 


tant, and did not return to London for nine 


months, when he sent to me; I supposed it was 


to fix a time for the operation, but, to my asto- 


nishmedit; it was to shew me. the dissolution of 
the tumor. This cure has remained perfectly 
well ever since; and if there is any difference be- 


tween the testes, it 8 that the e one 18 


rather the smaller. n j 1 ran 
„* * : 
33 ö ))) 
EY 
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N an \ orange, or ey onion, aki the dire: 
tors on its opposite sides, and pass a small shock, 
it will be conducted round from one director to 


the other by the fluids in the fruit; but pass a 


considerable shock from a large jar, it will iarni- 
nate the whole body, and pervade every part of it. 
Does not this point out the propriety of io 
werke oben a seirhous e is to be oe 
into 1 PO FF 


e . 


— * 
r * . * $2 


LA a 4 gran, who had a en under th _— 
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bat =, un. 70. Inc 1 ret 
FovomſionZa' by him 


put in use, I thought it adviseable to direct him 


the bark, and to eee 0 shock, till * n ö 


| recorered his arengih, * „ | 
+ The spermatie chord was el 9 "as 
8 een the testis was much enlarged, and very 
-bard. I began with. passing strong shocks, as in 
dhe former case, through the tumor in different 


directions; but, as his residence was a few miles | 


from London, it was agreed he should visit me 
twice in a week. These strong shocks were 

' therefore regularly applied at the appointed times, 
andi it was one month before I perceived any alte- 


. ration, when the tumor began to separate into 
tmo bodies. From this time it gradually lessened, 
the epididymis. and the body of the testis being 


5 first distinguishable from each other, the testis 
next becoming softer and diminishing, and he. 
bardness of the epididymis lastly disappearing. 


5 While 1 was pleasing myself with che W ; 
that the success of electticity in this case would 


be a suffleient proof of its superior power to other 


to be enlarged. I knew not how to aceount for 


this, unless from some general affection of the 
i eee system; and yet, under such a tendency = 


. could not: | ps * he 


1 dectrieity, tes | 
to me for that e As his habit was weak- 
ened by mercurial frictions, - which had been 


aff 


- remedies in local obstruetions, the left testis began 7 | 


{ 


only remains well, but that the functions of th 
parts are N and . perfect, 
85 ee | 
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other testis Should have giclded » to my local eat. 
ment. 
While i in 1 state of 1 1 3 _ 


to try the effect of a shock, till some other symp- 
tom should direct me further in the cause. In a 


little time, an external inflammation appeared; 
and then I was given to understand, that the ra- 


| dical cure of the hydrocele by caustic had been 


made on that side by Mr. Else some years before; 


| 42 I therefore conjectured, | that such part of the 
tunica vaginalis as had not been destroyed, but 


had been left adhering to the tunica albuginea, 


was suppurating. I applied a cataplasm of ferina 
semin. lini, and the skin burst and discharged. 
After the inflammation ceased, hardness and tu- 
mor surrounded the orifice: I then passed shocks 
1 through the diseased part, and covered the orifice 
of the opening with lint, applying the lotion of a - 
zolution of white: vitriol over it. After passing 
; the shocks, the discharge was always increased; 
5 the ene disappeared gradually, and when 


their OE a, the orifice | 


$i . 1 his monde hes 3 of « seeing 


this gentleman, I learn from him, that he not 


„ * 4 17 5 4 pl 4 ” Sy . k 2 8001105 AF 
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-ARhdgwon; who was i in St. phone 8 N 
at the time of my election, had received a contu- 
sion on one of his testes, which had terminated 
in a scirrhus; it had resisted all the usual applica- 
tions, and he came to the hospital to be castrated. 
1 thought it first adviseable he should take the 
chance of the electric shock, which was adminis- 


tered daily; and in six . 1 g e e bim . 
. from” WE: NNE) 5 dipa 8 1 05 . 


155 . of tho. dae milltia » was 550 to 1 
e with a scirrhous testis; which the late 
Mr. Bayford had condemned to the knife; 248 
indeed any experienced surgeon, unacquainted 
with the powers of electricity, would have done. 


a h £9 e to Rec the effects 180 e 


LE A e e The firat eee br 


duced a good deal of pain; on repeating them the 
third day, some fever arose, and the weather 


being hot, I sent the man to quarters at New- 


ington, where he speedily recovered; On exa- 
mining the part at his return, I found the mass. 
of tumor beginning to part into portions; 1 then 
began to pass shocks, but considerably smaller 
thun at first. This mode agreed well with him, 
and the testis was gradually diminishing; but, 


willing to know if the larger sbocks were the 
cause of his first fever, I passed one; his pain was 


| 


= 


- 
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 breat; his fever followed. I sent him again out 


; weck the" eee oj 8 as 780 : 


&f the hospital till he recovered; on his return, 


the testis was much diminished, and small sbocks 5 


daily repeated completed his cure. 


: * * $ 3 
72 1 
= 


X negro seryant was admitted into ki epi, 
under Dr. Blane's care, with a scirrhous testis. 
The Doctor desired me to try the electric sbock, 


6 which was administered in the same manner as in | 
the former cases; and he was presented out of the | 


bene in two months cured. | 


$1442: 


1 coach- painter was Seized with 80 1 an 
inflammation of the body of the testis, that a li- i 


beral use of bleeding, evacuations, and opiates 
gave him no relief. On the third day, 1 found 


© it would terminate in an abscess; to prevent which, ö 
8 proposed to pass small electric Shocks through. fn 
che part, which, I accordingly did; the first was. 
followed by some respite of pain. I repeated tbem 


every four hours, and the next day the pair and 


inflammatiom had do müch subsided, that the fear 
of a suppuratiott vanished. I continued. the small | 


Shocks, biit less frequent, and at t the end of one 


7 5. 
Ex N 5 


r 


"x 5 was Aiilece into St. 
ay with | a scirrkous testis. On a a consultation, it 
upposed He must part with as but it was 

ö 2 . 1 m 6 
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judged proper to try the dpctri aboglh first. dl 


passed considerable strong shocks, without ny 
1 inconvenience to the patient; but dhe result was 
= not as had been usual; for an abscess, formed 


I believe in the body of the testis, burst and dis- 


See externally. Electricity, was omitted, and 
a soft cataplasm | of linseed applied; the wound 


5 shocks, another suppuration took place, discharged, 
and would have closed, but Lrepeated the shocks; 


increased and the hardness dissolved. - This mode 


Chace; the strong exercise which he used, and 
the little temptation be met with, made him in- 


different about softer pleasures. At length, this N 


healed, but round the cicatrix was considerable 
8 hardness and induration. 1 then resumed the 


and after each time I passed them, the discharge 


was continued till the substance of the testis 
seemed in great measure melted away. When 
all induration ceased, I suffered the wound oY 
y lose. and the patient left the bospital cured.” i : 
e this man frequently; some years have ; 
| now elapsed since he u was 55 33 bene * con- ED 


* 
th F . * 


— 


tinues F well. „%%% dts 
A gentleman, STE 28, 6 er bes 1 ; 
* into the country. to pursue the pleasures of the 


indifference amounted to a loss of power; and | 


alarmed. at this, Mi epi to a, 3 en 
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but without success. - The medicines all agreed 


with his stomach, he took them in powerful doses, 
but no good effects followed them. After the 
inability had continued twelve months, the phy- 
sician directed him to apply to me for experiment. 


The experiment had been tried on animals with 


success; I therefore passed gentle shocks through 
both the testes, supposing their deficieney of se- 


oretion was the cause of the complaint. These 


were continued daily, and before the end of one 
week it was evident their secretion was restored. 


The patient, however, was so impressed with the 


timor animi, that he chose to continue the remedy 


TE you: Waver be en himself of a ne 


1 153 saw him Fog years s aſe when be informed 
; _ he. condinned, well. 5 | | | 
g 78 . 12 | 72 


5 1 the 1 of November, 1787, a porter 0 | 
45 the India warehouses was sent to me by a lady of 


humanity for advice, being in a state of 


| wmalancholy, induced by the death of one of his 


children. Seven years before, he had been seized 
in the same manner from a similar event, but 
recovered from it in a short time without medical 
aid. In the year 1783, he was a second time 
seized, and remained in this melancholy state up- 
wards of twelve months, although every 9 
advice was called to hi assistance. e 

N i 58 2 
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I le had been two months afflicted when I first 
3 Saw him. He was quiet, would suffer his wife to 
| lead him about the house, but he never spoke to 


; her; he sighed frequently, and was inattentive 
* do every thing that passed; his appetite and sleep 
IF were moderate, his body. att and his ſe 
# weak and slo mp. 

E . I covered his head with a 8 Rs FR 0 | 


the electric sparks all oyer the oranium; he Tn : 
to feel it disagreeable, but said nothing. 
On the second visit, finding no 1 inconvenience 
had ensued, I passed six small shocks through the 
brain in different directions. As soon as he got 
into an adjoining room and saw his wife, he spoke 
= - to her, and in the evening was cheerful, express- 
E ing himself as if be thought he sbould soon go to 
bis work again: I repeated the shocks in like 
manner on the third and the fourth day; after 
1 Which he went to work. I desired to see him 
1 every Sunday, wbich I did for three months wer, | 
| Ba. and he remained perfectly well. I then dismissed 
bim, with a request that I might be acquainted if | 
ever he had occasion ſor advice. In the latter 
end of August, 1791, the woman again applied to 
me; her husband had continued well till chat time, 


» * ** * R 
8 1 tf 4% 7 ; 2 
1 5 - 2 „ 
"5 $4 
r FA he 
. 
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but then had a reeurrence. of. his melancholy 


> witboqt any proximate cause. As be had appa⸗- 


rent feverish symptoms, I did not think him in a 


tt state for the electric shock; 1 therefore advizes 
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him to 0 for * aid, This: to the hospital, 
if he grew worse, as I was * town. Tan 
Ne ror us 15 W | 


Ts of the public singers, Pet E bakers of 
distressing causes, became extremely melancholy; 
his disease gained ground upon him so much, that 
he was totally incapable of taking an employment 
which à kind friend had procured for him; and 

was therefore sent to me for advice. He had no 
fever, his appetite was moderate, his body regular, | 
but bis depression of spirits excessive. Consider- 
ing this in the same light as the former case, 

I began with passing 'shocks' through the head, 
e about six im number, and directed him to call the 
next day. He said he had rested better. The 
shocks were repeated: daily his accounts were 
daily more favourable. | Within a fortnight, he 
asked me if he should accept an offer to sing at 
one of the summer theatres; I told him; if he 
thought himself capable of undertaking it, he 
should, for employment would divert his mind. 


5 1 He accordingly attended some rehearsals! Telec- 


trifieÞliny after the first fortnight every other day. 
He anxiously waited from time to time, to find me 
at leisure for a:conversation;' which took place at 
85 the eh an the month, when I eee 9 5 


3 


- then informed | me, 1110 bis i had arisen 
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from 4 wish he bad to impress 1 me with the change 

| which the first operation of electricity made in his 

mind. For some few days, previous to his con- 

8 sulting me, he declared he had at several times 

determined to put a period to his life; for this 

purpose he had pensively walked along the banks 
of the Serpentine river in Hyde Park, when a 


thought of religion impressed bim with the horror 


5 of the design. At another time, he had the razor 
in his hand, wben the footsteps « of a friend: stopped 
his purpose. He had resolved however to effect 


it, and was in the most distressful agitation about 


it, the morning he first applied to me. In the 


evening of that day, he declared be was sensible 


of the divine interposition in preventing His wicked 
; design; ; that he found: himself able to return 
thanks; and this relief of his mind was followed . 
by a refreshing sleep, from which be awoke a new . 
being; that he felt sensible af the powers of elec- 
tricity every day after. its application, being _ - | 
ble of mental exertions immediately. He could + 
not be satisfied, be said, without making this de- 
claration to me, as no one but himself could have 
an adequate idea of the sudden 5 e . | 
electrio shocks wrought in his mind. | 


Aſter this conversation I dismissed Bi e Dy he. 
nent that zumtmer Wi his 
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A gentleman who had been long a patient of 
Dr. Monro, with a moping melancholy, and who 
had reached the age of 26 without any relief, was 
brought to me, by the consent of the Doctor, for 
experiment. As T had passed shocks through the 
brain with such advantage, I thought this a proper 
case to carry the experiment as far as prudence 
would direct. I therefore took a Leyden jar, 
which contained 112 square i inches of coated sur- 

face, and passed two strong shoeks from it, in 
directions from the frontal to the occipital bone, 
and from one temporal bone to the other. The 
patient was at first \surprized, not stunned with 
the shock, and in a few minutes desired me to 
repeat it if I pleased. The next day, he sat down 
with firmness, and as no inconvenience had o- 
; curred. from the shocks, I increased the strength, 
$1 and passed two sbocks 1 in the same direction as 
before. On the third day, he was reported to 
| have found no sort of inconvenience or alteration 
from the experiments; 80 I ventured to pass the 


full force of the Jar; this Ikewise produced no 


other effect than a slight head-ach, which lasted 


for an hour. I chose to omit two days, and then 


repeat the experiment; the patient strongly ex- 
Pressing himself satisfied, that this was the most 
likely means to do him service. I was myself 


most surpfized, that T could practice s0 boldly, - 
without any serious inconvenience to the brain; 


* 


. and having carried the experiments: as far as 1 


/ 


i 
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about twelve ou! 


- *. 
* 


wished, 1 diswwissed the patient in the ? er 
Kappy ae be Ld 80 bar ouffered. PE 


Top years gie, Ins directed © e pur, 1 


physicians to electrify a gentleman who, had. not 
secreted a drop of urine. for nine days: every 

means to procure. a return of the secretion had. 

been put in use. It was remarkable, that the 


patient auffered no Apparent: inconvenience, nor 
had any pa 


want ol 7 5 pased alight sbocks 11 


128 


"the region of the kidneys, to the perineum, . 


through. the urinary passages; in cight hours after, 
about three ounces, of 2 dark-coloured fluid (not 


- blogdy) passed from the bladder; after the se- 


cond application of the socks, four ounces of a, | 


_ fluid, having the, colour, but not the smell of. 


FEY 


4 


increased to a pint; the fourth, day he passed a 
natural. quantity. and seemed well. However, the 


a were continued a ben days longer, during, 
= d 05 ane 1 then ve 


ws * 24 x. *g% F235. * 
4 ; 4 7 1 % # 


1 year, Mar a 8 


eee rata, 50, was Seiged. 


. en 


ie palsy "Mr MEI HF 


urxine, passed in a few. bours: the next. day, be | : 
was electrified. morning and evening, and Pas! ed. 5 
5 es of urine; the following day, 


gum, ei 


- 
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days his water bad been regularly drawn, off by 
the catheter: he had been duly attended, and 
well advised by an eminent physician and à sur- 
geon, and was at that time taking a course of 
tincture of cantharides, without any rehief: the 


from the pubis to the perinæum, and along the 


inferior part of the spina dorsi, for three days, 


without any relief: I then passed gentle shocks 
in the same direction, and in three bours after he 


Was able to expel some urine by tbe muscular 


power of the bladder. 1 saw clearly this was the. 


mode to be pursuedz 1 repeated the shocks with 
daily advantage; in a ſortnight the cure was 


. completed, - the patient rode on  borse- hack, | 
went a pag. ed Wa has ine wel, ens; 


IS. ee 


7 ay 1 Se Ss PE 5s 3 5 
gradually leaving him, had a relaxation, of the. | 
- muscular coat. of the, bladder, which rendered. his. 
company offensive to his, visitors andi attendants... 
As I. ſoresaw the ingonxerieges nhich would re- 
to him for excoria- 


_ Sul, being at that time calle 
tions, I. proposed passing some gentle electric 


shocks man the hladder, ing hopes of restorigg 
. its tone. I was, permitted tg carry my advice ing. 
execution; he went out in his carriage after the 


Pf Pf preg. * = 


e and er 


parts began to grow tender with, the passing of tbe 
instrument. I passed a stream of electric. sparks 


„ ? 


{ 


* 
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nde; the shocks were repeated in the eveni ng, 
and he held his water the night. The next day, 
his pulse was too quick and his head confused; 


I did not therefore repeat the shocks, concluding 


they had occasioned these symptoms. Towards 
night these symptoms abated, and, as the bladder 
had recovered the retentive power, 1 had no eg 
e occasion to ir nos electricity. | Rog bs 0 
A N els of 70 years, attacked with: a 
paralysis, which gained upon her, notwithstanding 
- the most able assistance, from the OE 
flow of urine, was much excoriated: I was desired 
to attend her on this account, Had was asked to 
_ electrify her for her palsy. © Her extreme debility, 
and the space of time she had laboured under her 
3 disease, rendered all prospect of reco- 
very hopeless; I therefore proposed to confine my 
endeavours to the relief of that symptom which 


| 5 Was becoming 50 prejudicial to ber, and passed a 
few Shocks from the os pubis to the coccigis,. di- Lt 


_ recting proper applications to be made to the 


excoristed places. Finding no incopyenience re- 


sult from the socks, t ie next day I repeated them 
more strong, and this was followed by apparently 
bol effects, as she did not wet herself that day. 
I continued the same e mode for a few days; the 
| arantages were daily ly more favourable, the exco- 
_ riations healed in proportion as their cause dimi- 


nlebed. T then et 1 might * my 


Ul 
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constant attendance, bot the first day 5 absence 


reproduced the complaint; the bladd er lost its 


retentive power, and her spirits were remarkably 
low; she would not speak the whole day, ate 
little, and slept ill. Within an hour after I had 


electrified her, the following day, sbe spoke, grew 
more cheerful, and kept her water till night. 
I found a constant attendance necessary, and vi- 
sited her upwards of eight months. Every day, 
| after being electrified, she would speak, appear 


7 more cheerful, take her food, keep her water, and 


sleep well at night; but before I came, she was 
speechless, shewed great marks of insensibility, 


and was averse to all the endeavours of her atten- 


dants to assist her. I was once obliged to absent 
myself two days; during this short interval, they 
all thought she would have expired: on my appli- 


cation of electricity, she revived again. Thus tbe 
5 electric power seemed to keep life vegetating; and 8 
this seemed the only power it Bad, nature being "FE 
- .. too much exhausted to e with it: howe- 


8 


ver, it certainly made her exit comfortable, and 
the last periods of life supportable. The mor- 
tification, which | usually follows the urinary ex- 
coriations, is as offensively disagreeable to the 


attendants, as ee to ah — Lint 
0 gene „ 1 3 n "> Ss At f 


5 o¹ 4 808 17 the 8d. May 1789, es ho 
1 in a fit of "Opie e bimself with his 


= * 8 


bi 8 
1 % 
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ik OE RAY but, being. discovered * A 
_ watchman, was cut down before his life was ex- 
| tinguizhed; bow long he had been suspended, 
was not to. be ascertained with any accuracy. He 
was conyeyed to a house, where all possible assis- 
tance was given by a gentleman of the faculty; 
about ten o'clock the next morning he was 
brought to St. Thomas's- Hospital, where Mr. 
Holten, jun. of the Minories, was on duty. At 
tha time of bis reception he was insensible; his 
breathing was laborious, noisy, and performed 
ah his- pulse was slow and. intermittent, his 
_ countenance indicated an accumulation of blood 


in the head, and he was incapable of swallowing 


anꝝ fluid. Mr. Johnson first opened a vein in the 
arm, and with much difficulty obtained between 


- five and six ounces. of blood: this evacuation. pro-| | 


dusaing no sensible alteration or effect, he thought 5 : 


an electric experiment might with great. propriety. 
be tried: he accordingly. passed an electric, shock. 


— — to tho other, the/effect of which, ws 


e and seemed very much frightened: On 
ropeating the shock, he spoke, the blood leſt his 

face and hi , countenance became: pale, his pulse 
wag free and a and bis respiration easy. 


The sbocks were repeated three or four times more 


in the space of ten minutes; aſter the last, a kind 
| of hymeriv,ffetion took place, and seemed fur- 7 
- ther: runs him; * - feet became warm, a 


nely surpriaing; the patient started, opened 0 
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8 perspiration ensued, he ae quite ra- 
tional, and on removing the bandage from his 
arm it bled freely, and six ounces of blood were 
taken from it. The patient was kept quiet for 
_ three days, and then discharged well from the 
hospital. 

On examining him with respect to bat had 
passed, he said, he recollected immediately after 
his suspension, to have felt a most oppressive pain 
in his back, aſterwards a pleasing sensation of 
green fields (colours) before his eyes; from which | 
time he recollected nothing till the electric shock, 

which he described as balls of fire darting through 
his eyes. I do not know if this account of the 
patient's elucidates any thing; but it is evident, 


apparently, that suspended life was re- animated 5 i 


* - 3 + * 
* 


nenen 15 the ee 


If the) 8 cages are not euffelent to 
prove the system I have adopted, they must at 
least evince the advan tages of electricity in the 
5 practice of surgery; for it is evident, amputation 
must have been submitted to in some of them, 
if the experiments had been unsuccessful. I 
ould; adduce several more cases to illustrate my 
| meaning, but that I fear to he tedious; and there 
are already ee on record t to > have ee 
attention. 5 5 
8 A men power, which. poctes suck 
| eminent TOR as to lessen the number of — - 


* + 


practice. 3 
& Cuncta us tentata: : 1 immedicatile <a 


* 
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; operations, is surely deserving the serious atten» 


tion of every practitioner: that it belongs to the 


department of surgery, and requires a Koo. 
ledge. of the cause and seat of the disease, to 


be applied with elke, will, 1 trust, be W 
e „ 
Thus, Sir, having —_ a e appa- 


ratus from the hands of ' empiricism, and given to 
ji modus operandi a rational theory, I shall hope 
tdthat an electrical machine, may hereafter be consi- | 


dered an instrument of surgery; and that in such 
cases as I have experienced its salutary effects, 
the Knife will be withheld, till a fair and candid 
trial of 1 its powers has been. made; after which, we 


are warranted by ancient authority, as well as long 


ience, to pat the. 1 eam of e in 


« Ense eee ne mares ee trahatur.” 7 
1 . ; 3 | 
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 ADDENDA, , 
BY THE EDITOR. |. 


+ } ET 
* * 
F 


OF ANIMAL ELECTRICITY, AND THE DISCOVE- : 
"RIES or DR. GE TERS OF BOLOGNA. 


| Os 1 in 5 0 preceding Essays, not having 
treated on the electricity peculiar to animals; 
and some very remarkable discoveries having been 
lately made thereon, 1 judge it proper, for the 
| information of the reader, 1 add a Short account 
of the gubject. to this work. | 
It is from the remarkable and vimilar electrical 
powers of three fishes that the name Animal Elec- 
tricity has been derived, and to which the names 
. torpedo, gymnotus electricus,, or the electric eel, and 
the silurus electricus, are given. From some ex- 
pe iments: made. by Me. Walk, and other inge- 
nious electricians, it was found, that wheneyer a 
communication is made, by means of substances | 
that are conductors of electricity, between two 
parts of theas Habes and a man or other animal 


I: 


He 
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placed in the circuit, as is done with the common 


charged Leyden jar to ſorm the communication, 


the man or animal feels a shock similar to that 


occasioned by the discharge of the Leyden jar. 


If the circuit be formed of imperfect conductors, 
or quite interrupted, a slight tremor is felt only 


by the hand touching the animal, or no shock is 


received. It is the gymnotus alone that gives a 


85 actions, vol. E 


— 


luminous spark, which becomes evident by mak- 


ing a very small interruption of the circuit of 
eoemmunication. No other properties common 
with artificial electricity have been' noticed in 
them, and 1 . ceases wich 1 . 15 | 


the fish. „„ | 
A fürth species of dest Gat, said 4 give ; 
rote Shocks, was found by Mr. V. Paterson, on 


8 


the coast of Johanna. Ses  Philosophical Trans- [ 


lier — | 


Dr. Contugno, i in a letter to Ch V 


both of Naples, dated Oct. 2, 1798, relates, that 
tr his attempt to disgect a very young mouse, and 


first raking an inéisioti imo the Epigastric region, 
the moust gig sitüatecl between his thumb and 


first finger of the leſt hand, and the tall between 
che two last fingers, to his great astonishment, he 


felt * sbock through His left artn, as far as the 
_ Heck” attended with an internal tremor, and a 
Pabſt sensation in the muscles of his arm, which” 
_ enived bim in h the affright to 1991 the mouse. 
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It is to Dr. Galvani that we are indebted for the 
discovery, that a frog dead and skinned is capable 
of having its muscles brought into action by the 
application of artificial or atmospherical electri- 
city; and also that independent of these, the same 
motions may be produced on it, or even a de- 
tached limb, by a simple communication between 
the nerves and the muscles with substances con- 
dauetors of electricity, and that no motion can be 
. produced if non-conductors are used. It is from 
this circumstance, that this wonderful property of 
organized matter has been ranked as animal elec- 
tricity. Dr. Gatvani's discoveries were principally _ 
made with dead frogs, but the properties have 
been verified in a number of other animals. 
The variety of experiments as made by him, 
: EA the valuable and illustrative ones since made 
buy Mr. Cavallo, Dr. Lind, Dr. Valli, Dr. Fowler, 
and other philosophers, the limits of this work 
| . will not admit me to insert here. I shall only 
give the reader two or three of the most striking 
experiments, and for a more general and arranged 
Practical account of this subject, must refer him to 
Mur. Cavallo's Treatise on Electricity, vol. iii. p. 1 
to 75, whence these experiments are extracted. 
e When the nerves of a frog recently killed | 
and deprived of its integuments, are exposed to 
an electrified atmosphere, or, in short, are 3b 
. . Giponed,” as that by the action of an electrical | 
/ * n | 
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ldi or of any eleotrificd body, a quantity of 


_ electric fluid is caused to pass through them, „ 


contraction of the muscles takes place, with a 
\ tremulous conyulsive motion, which may be reite- 


rated for some hours after. Dr. Galvani pre- 
pared a frog, having its legs attached to a part of 
the spine, but separated from all the rest of the 
body; and observed, that whenever a spark was 
taken from a large prime conductor of an electri- 
cal machine situated at some distance from tbe 
prepared part of the Wee those Ne moved 
with a kind of spasmo 
strong enough to Imp a eomiletibie! way. way 


was found nevtssary to place the prepared legs 


5 contiguous | to. some > good” eee not insu- 
; 20M 1 * 3 Fa : 2 r > 4 ; 1 5 3s . hs . f 


> 3 little 9 3 de conductors 7 
contiguous to the animal, or if it b 


_ affecting an electrometer placed near eee . 


chen even a whole frog, a lizard, a mouse, ora 
Sparrow, will be strongly affected with viplent 
convulions; ' When the animal is insulated, and 
che electricity is 'tha 
ten a Whole living frog is affected by the passage 
of so small a quantity of electricity as is tiooharged = 
| 2 prime condueto ble 


to pass through its body, 


ue chat is just cay 5 
of affording a small spark. In this case, if a 


5 Leyden'jur be weed, a much amal quantity of | 


— 
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| eleotriclty will be found sufficient for the purpose, 
wi. such a charge of it as cannot afford a spark, 


but that can just produce a sensible divergence of 


the pendulums of an electrometer: 
© But a frog prepared; especially after the man- 


ner of Dr. Galvaui, i is affected by an incomparably 


smaller quantity of electricity. Mr. Volia has 


observed, that so small a quantity of electricity as 
is absolutely incapable of occasioning a divergence 


in the most sensible electrometer, but such as may 


be observed by his condenser of electricity, is Suf- 


ficient for the purpose. Thus, if a Leyden jar be 
charged and discharged, and aſterwards be dis- 


posed so that che prepared frog be placed in the 
circuit between its inside and outside coating, the 


passage of that small residuum is fully sufficient 


5 to produce the contractions, &c. By being sen- 
sible of so small a quantity of electricity, the pre- 
el frog becomes a most sensible sort of elect | 


trometer, which perhaps hereafter may be of sin- 
. use in some nice electrical experiments. 
% Dr. Galvani bad the curiosity of trying whe⸗ 


den e electricity of the clouds produced the 


same effect on the prepared'limbs, as the artificial 


_ electfieity'of the ordinary machines; and for that 
purpose he extended a conductor from the top of 
-atiinal} which was some- 


a house to the prepare 


> . INE” on OY _— in the POR air, and at yOu 
n 3 2 


3 


- 


3 
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times is: cnctovcd in a glass receiver. On this 
Fan een the thunder and lightning produced 


the same effects as the spark from the electrical 


8 machine: the same contractions took place, and 


they were stronger or weaker according to the 
distance and quantity of lightning. Thus far the 
effects might have been naturally expected; but 
a remarkable circumstance was observed, which 


1 every clap of thunder, the limbs were affected 
with a et tremor or succession of conyulsions, 
- which: 86 


| explosions which forms the rumbling noise „ 
thunder. Now this observation proves, that the 
e rumbling noise is not the echo of a single enplo- 
Sion, or the sueces sive arrival of the vibrations 
| 5 e, bert at different distances, though at the 
| moment of ee ebe it is produce by 
a quick: SUCCESSION of several explosions: : Which 


the clouds are very imperfect conductors, in which 
state they are not likely to receive a full —— 
ere, af electric ay eee or from: -_ 
e e + VCC 9 10 77 Os 3 
The preceding nee ts dead 8 


1 ar: will now. be\shewn, that, the game motions, : 


N Bs 5 . 8 
% AY BY £570. EN NEARER. 
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serves to explain another phenomenon of nature: 0 
it was found, that instead of one contraction at 


emed to be nearly equal in number to the 
repetition of che thunder, viz. that succession of 


indeed seems to be ſtares: by Observing t that 


* 
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convulsions, &c. for a time nearly equal in length, 
can be produced both in dead and living animals, 
4 without the aid of any apparent electricity. 


r Ina animal recently dead, detach a nerye | 
from the surrounding parts; taking care to cut 
it not too near its insertion into the muscles; 


remove: the integuments from over the muscles 


depending on that nerve; take a piece of metal, 
as a wire, touch the nerve with one extremity, 


and the muscles with the other extremity of the 


wire, and the consequence will be, that the mus- 
cles will move exactly as if a quantity of electricity 


were sent through them. This experiment will 
answer equally well when the preparation is laid 


upon an insulated stand, as when it communicates * - 
6 with the ground. If the communication between 


* 


1 the nerve and the muscles, instead of being formed 


by means of metal or other conductor of electri- 


eity, be formed of substances that are non- con- 
2) ductors, as glass, , e . then no 


8 
1 


x motion will take place.” | 
% The motions will be also a Rada: hs: 
metals are not in immediate contact with tbe pre- 


. pared limb, provided they ſorm part of the circuit | 


of communication. Thus lay a prepared limb 


uůpon a table, hold the nerye in one hand and a 


piece of zinc in the other hand; lay a piece of 


dilver upon the table at about one or two inches 
distance from the prepared muscles, and make a 


OS... 
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commubication diana the muscles and the silver 
by means of water or some other good conductor. 
If now you touch the said pos of silver with the 
- zinc which you hold in one hand, the contrac- 
tions will as eee The same effect will hap- 
pen, if the two pieces of metal be first put in Th 
contact, and then the operator nes me nerve 
of the preparation with his finger. 1 
The preparation of the frog, or Ser We 


bt this experiment, generally consists in detaching 


one of the principal nerves from all the surround- 5 
ing parts, where it enters a member susceptible of 
motion, and arming it with A metallic foil. On 
; making the communication „the motion will take 
place; but the preparation ne ” 
| lineatediin pk. 5, fig. 104 and 105, which, for the 


sake of distinction, we shall in the following pages 


Cual the ueual preparation; it being, in fact, that 


which has been mare frequently and more advan- 
er wy it is made in the following man- 


„Separate with a pair of scissars the head and 


| panics of a frog, in the line A B, from 
5 the rest of the body. Open the integuments and 

muscles of the abdomen, and remove the entrails; 
then you will lay bare the crural nerves, as hewn 


fs in fg. 104, which in this animal come out of the ' 


spine at a considerable distance above the pelvis, 
viv. en the line CD. e e be ne . | 


* 
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- spine ch the flech close to the thighs in the 


line EF, by which means the legs will remain 


attached to the spine by the nerves alone. This 
done, leave only a small bit of the spine attached 


to the crural nerves, and cut off all the rest. 


Thus you will have the two legs, G, H, fig. 105, 
of a frog adhering to a bit of the spine AC D, by 
means of the crural nerves CE, DF. These legs 
must be flayed in order to lay bare the muscles. 

The metallic armour, which generally consists of ' 
a piece of tin-foil, must be placed round the 
nerves very near the spine, viz. at CP, or round 
the whole bit of spine, AD, and the extremities 
of the nerves next to it, A frog thus Prepared, 

and touched by means of a conducting rod ap- 
plied to the muscles and to the armour of the 


nerves, will act yigorously for a considerable time. 


Some contractions have been observed several 
hours, and even days aſter; but the power is 
AO diminishing, and in general it can sel- : 


fm be perceived after two or three hours. 


With a frog prepared in the above . | 
| manner, one may shew the experiment various 
ways; but the two following methods are peculi- 
arly eligible, because they produce very strong 
and striking movements. Hold the preparation 


by the extremity of one leg, the other leg bang- ö 


ing down, with the armed bundle of nerves and 
bit of spine lying upon it. In this situation inter- 


- 5 $ ” 4 
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: pose a Piece of er, as a half-crown, between 


the lower thigh and the nerves, so that it may 


touch the former with one surface, and the metal- 
lic coating of the latter with the other surface, or 


with its edge; and you will find that the hanging 


leg will vibrate very powerfully, sometimes so far 
as to 3 = ppp the As which aan . 
5 . leg. ; : 


The Wer e och is che lowing Put two. 


5 Pe Ids pſec full of water contiguous to each 
bother, but - not; actually touching. Place the 
_ - + _ thighs and legs of the prepared frog in the water 
of one glass, and laying the nerves over the edges 

of the two glasses, let the bit of spine and armour 


touch the water of the other glass. This / done, i 


you ſorm the, communication between the water 
of the two glasses by means of the conducting rod, 
or put the fingers of one hand into the water oe.” 
+ > thy glass that contains the legs, and; holding a 
piece of silver in the other hand, touch the coat- 
ing of the nerves with it, you will find that „ 2 
. - Prepared legs will move sometimes 80 powerfully 
as to jump fairly out of the glass. It is however 
: necessary to remark,- that the effeot in this expe- 
riment is increased 
must necessarily take place; vis. the legs, in order 
to be placed into the glass, must necessarily be 


by a sort of artifice, which 


drawn up; and, as the effect of the 


5 tion, Fe. 1s to aa a N extension of the 


x. 


— 
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limbs, it must naturally follow, that from the 


resistance of the glass the preparation must en- 
deavour to jump out of the water. There is 
another reason which contributes to increase the 
effect ingthis experiment, which is, that the water 
by surrounding the prepared legs, becomes a very 
ample armour or coating, which touches the legs 
in every point of their surface. It frequently 
Happens in this experiment, when the animal elec-. 
- tricity is strong, that without forming the com- 
munication, the motions are excited by only 
touching the armour of the nerves with a piece of 
metal; 'or if one person touch the coated spine, 
| whilst another person touches the legs, the mo- 
tions will take place, though the two persons do 
not communicate with each * by any gang 1 
else besides the floor. . 6 
By the application of armours ol different me- 
tallic substances, and forming a connexion be- 
_ tween them, the motions may be excited in an 
entire living frog, and also in other living animals, 
particularly eels and. flounders. Mr. Cavallo gives 
che following directions: A living frog is placed 
upon a piece of zinc, wh a slip of tin- ſoil pasted 
upon its back. This done, whenever a commu- 
nication is formed between those two armours, 
5 especially when silver is used, the spasmodie con- 
vulsions are excited. not only in the muscles 
which touch the metals, but also in the 'neigh- - 


* 


| | 


& 
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bouring o. ones. The dip of tin · ſoil may be omit- 
ted when silver is used for the conducting rod. 
The N any 1 pa wow unde 
OY 


1 f This POE 8 POR fi. with a rg 


og in a similar easy and harmless manner. Take 


8 living. flounder, such as can almost always be 


«found at the fish-mongers, lay it flat into a pewter 
plate, or upon a sheet of tin-foil, and put a piece 


of silver, as 8 shilling, a erown- piece, or the like, 


upon the fish: then, by means of a piece of metal, 
— the-communication between the pewter 
plate or tin-foil and the silver piece; on doing 
„Which, the animal will give evident tokens f 
beine affected. - The fish may. afterwards. be re- 
lace reserve it for farther use. 
Dr. Fowler has proved, that of the involuntary 5 
le of Ware e = 


in the water to p 


e the heart alone is ape 
cc + Te the bring 1015 1 Nr. Cay 


. Plications,: and both the senses of taste and si 


be excited by it. Let a man (6ays he) lay a piece 7 
of metal upon his tongue, and a piece of game 
other metal under the tongue; on forming the 
communication between these two metals, eitber 


2 bringing their edges into contact, or by the 
iůnterposition of some other piece of metal, he will 


e a en, om d e and 5 


- 


all) 0 can a 5 
_ rendered sensible of the action of metallic * wo 


j 
| 
5 
+ 
2A 
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subacid . not exactly like, and yet not much 


_ different from that produced by artificial electri- 
city. The metals which answer best for this ex- 
periment are silver and zinc, or gold and zinc. 
The sensation seems to be more distinct, when 


the metals are of the usual temperature of the 


| 3 The silver or kay may be | * to 


ear, and other beneible parts of che badgy — 


the zinc is applied to the tongue; and on making 


the communication between the two metals, the 


taste is perceived on the tongue. The effect is 
more remarkable, when the zine touches the 
tongue in a small part, and the silver in a great 


the tongs, the two metals may likewise be placed 


in contact with the roof of the mouth as far back 


as possible. and on completing the communica- 


tion between them, a 0 taste of irritation-is | 
perceivec | 


8 ee ee e eee ee 8 
of metals, let a man in a dark place put a slip of 
eee bulb of one of his eyes, and let 
cee ee as a spoon 
completing the communica- 
ot Spoon and the tin- oil, a faint 


Hash be light will appear before his eyes. 
This experiment may be perſormed in a more 


conyenient manner, by placing a piece of zinc. 


: 1 
FE 


n, or the like, | 
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e 5 | FORD 1 | detent upper lip and the gums 20 high up 


as possible, and a silver piece of money upon the 
| tongue; or else, by putting a piece of silver bigb 
up in one of the nostrils, and a piece of gold or 


— 


mie in contact with the upper part of the tongue; 


. 5 ſor in either of these cases the flash of light will 
appear, whenever the two metals are made to 


| ___ communicate, either by the immediate contact of 


their edges, or by the enen of a 20 — 
| conductors of animal electricity. e 
„ When this . experiment is 8 by 


: Þ 9 5 person having his eyes open in a place in which 


there is very little light, a by-stander will gene- 
rally perceive a slight contraction of the pupil 
whenever the metals are brought into mutual 
contact. The experiment will likewise answer, 
Wben one of the metals is placed between the 
_ gums: and upper lip, whil&t the other metal is 
placed between the gums and lower lip; but in 
this case the flash appears to be diffused over tbe 


whole face, whereas in the other case it is con- 


fined to the eyes alone. By continuing the con- 
tact 12 the two metals, the appearance of; light is 


|  - not continued, it being only visible at tbe mo- 


maeent of making the contact, and very seldom 


when they are separated; it may therefore be re- 
peated at pleasure, by disjoining and again con- 
ot, e, the two metals. When the eyes are in a 
1 n of eee then whe. Hara of Highs | 


© 
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is much stronger. This phenomenon is not alike 


perceived by every person, some being hardly sen- 
sible of it, whilst others observe a strong flash.“ 


The property of animal motion being excited | 
by a metallic or other communication made be- 
tween the nerves and the muscles, is not consi- 
dered peculiar to a few animals only; but seems, 
from a great variety of experiments, to be a pro- 
perty common to all animals. Mr. Cavallo ob- 
serves, © from the ox and the horse down to the 
fly, the effects of metallic applications have been 
repeatedly and unequivocally observed. The leg 
of. a recent dead horse was agitated- so violently 
2 the application, of a sbilling and a piece of tin- 
foil, that the strength of a ee We was unnd 
to chèek the blow. Fo ity 
I shall end this extract with eee | 
and | inquiries. by Mr. Cavallo. Those surprize 
ing effects of an unknown cause, generally i inen. 
plicable, and sometimes contradictory, seem to 
admit of no theory sufficiently probable or satis- 
ns, nor can we yet see how they may be 
applied for the benefit of mankind. An attentive 


consideration of the subject will naturally suggest 


several doubts and queries, which, can only be 
answered by future experiments and discoveries.— 
In what manner does artificial electricity affect 


the muscles Does it act as a mere stimulus, or 
—— oils is the animal electricity ge- 
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_ Herated, and by what bab is it transmitted 
from one part of the body to another? Does it 
proceed from the brain, or is every nerve actuated 
with that generating power? What reason can 


there be for the necessity of using two different 


metals? And, after all, are those phenomena na 
really the effects of ' electricity, or 8 ome other 
unknoun fluid I ee e . 


* * - * 
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71s nds eee. Plate 2, 4 . 


of the electric explosion. ab is a small HY 
| plate; c, a loose cone of ivory to be placed on the 
plate a ö; efg, a cirele turning freely on two. 
enters; a wooden arm; d, proceeds from this 
circle, and rests on the ivory cone, c. The dis- 
charge of the jar or battery is made to pass under 
he cone which throws up the arm 4, the elevation 
of which is marked by the i idex 5. A piece of 
Alken string is fixed at one end to the bottom 
board at i, and passes over the wheel; a weight, E 


s tied to vi Nee ec, to regulate tf the W . N 


eee e ee T 
npro oven ent on Bennet Elan. 
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of Mr. 3 in onder to distinguish more accu- 
rately the different intensities as shewn by the 
Jivergencies of the strips of gold leaf, or the dis- 
tances at which they strike two metallic bars. 
Plate 4, fig. 70, A represents the insulated me- 
: tallic cap, from which, at C, depend the two : 
narrow pointed slips of gold leaf. BB is the glass 
shade, which serves to support the cap, and de- 
fend the leaves ſrom the motion of the surround- 
ing air. DD are two flat radii of brass, which 
open and shut by means of one common axis, like 
a pair of compasses, By a contrivance of Springs, 


they are disposed to open when left at liberty; 


but the micrometer screw, E, serves to draw a 
nut which has two steel bars, with a claw at the 


end of each, that enters into a correspondent slit, 
in two small cylindrical pieces, to which the radii 
are fixed respectively. This eg is seen in 


another position in fig. 70*, KL represents a : 8 


piece of brass, which serves as à frame for the 5 


work, and fits the lower socket of the electrome- 


ter F F, Ig. 70. In this the letters, I. H, indicate 


Ef the cylindrical pieces which carry the radii, and 3 85 


are seen from beneath. On the side of the nut, G, 
one of the steel drawing pieces is seen; the other 
being on the opposite side, and consequently not 
visible. Towards L appear the two re- action 
springs. The other parts "ies, no 0 de- 


0 seription. 


\ 4 


DIL 


3 
4 


4 


3 
— | — - RE oor Pm 
9 4a * _ BED. . 4 4 ID of 
* 7 
4 2 „ 
1 
- 4 


576 © MORGAN! 5 ELECTROMETER, a 


W construction of the gold-leat 95 
ev there are two pieces of tin-foil pasted 
on opposite parts of the internal surface, BB; 

against which the gold-leaf strikes when its elec- * 
5 tricity is at the maximum. If the radii, DD, be 
5 leſt at the greatest opening, our instrument does 
not then differ from chat i common use. But 
e., the divergence produced 5 We eon of: un 
atmospheric conductor, or any other source of 
electricity, be so small as to render it doubtful 
whether the leaves be electrified or. not,. the .radu | 
may then be brought very gradually together by 
means of the screw, until the increased divergeney 
5 8 from their attractive force be sufficient to ascer- 
1 : tuin the kind of electricity; possessed by the leaves. 
"_ In this and all other cases, the division on the. 
= micrometer heads mhicts stands opposite the fed 
index, at the time the leaves strike the Fae will C 
be the greater or less degree of intensity.“ * 
B., oole s EAleclrometer, as constructed by he ne 
we. G. A. Morgan. To the description of / 
_ Brooke's dlectrometer 1 given at os 2 
1 the following, account as constructed by Mr. A. 
1 : gan may be added, and which he found eee 
=; = various experiments. His, reasons for making 
® in ele from Mr Beoehe Meare the: ee 
D Os. e | {7} 5 
(2 1 s Journal of Natural mae, val. i. Py! 270. 
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ing: . found that the least difference of 
charge, when the jar was highly loaded, produced 
a most amazing irregularity. i in the effect depen- 
dent on the passage of the charge. Hence, 
though the arm was regulated so as to shew the 
difference of the grain weights, still he experi- 
enced a difficulty in ascertaining auen exactly the 
two balls were separated, and he found considera- 
ble diversities dependent on the greater or less 
| pation of them; he therefore conneeted the 
arm with the hand on the plate, and was thus 
Ale to determine accurately the very instant in 
which the same quantity of charge . be made 
to pass through any given substance. 6 21 
Plate 5, fig. 6, ABE GD Fa Mr. 
Morgan's electrometer, which he employed to 


measure the precise charge that he conveyed 


through: the; body to be enamined. C E is a very | 
slight brass tube, with a light, brass ball annexed - 
to the extremity of it. The dimensions of the 
ball are one inch and a quarter in diameter; the 
tube is eight inches . in length, anti one inch and a 
quarter in thickness: this tube is annexed to a 


. multiplying wheel, which is connected with the 


hand on the dial plate, and by its motions gives 

four eircumvolutions of tbe hand to every one- 
fqurth of che tube's. The Ggure shews that the. 
tube rests upon another similar tube, which is 
fixed. The moveable tube has a slider upon it, 


Which, by moving backward and forward, regu- 


. 


I 
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| glass tube, about two feet andan half long; having „ : 
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. cane, round iel Ire 


AG, which is thrust into a piece of cork; fastened 
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; i lines the weight to * aloe, when the 79 


meter is connected by a metallic communication 
to the inside of a jar while charging. The insu- 


lation of the tube, balls, and the wheel- work 15 


annexed to them, are shewn by the Bins __ 


which AB represents the glass stem. 


Plate 5, Ng. 81, is an ee 80 rain, 1 8 
contrived by Mr. Cavallo; AB CD is a strong 


a tin funnel, D E, cemented to its extremity, which 


funnel defends part of the tube from, the rain. | 
The outside surface of the tube, from A 1 
covered with sealing-wax, and so is the part of ijt 5 


13 
; +” 


which. is covered by the funnel. F is a piece of 


wifes are twisted in diffe- 
rent directions; 80 as t cateb the rain easily, and 


at the same time to make no resistance to the wind. 
This piece of cane is fixed into the tube; and a 
small wire proceeding from it goes tbrough the 


tube, and communicates with the strong wire 5 


to the end A of the tube, The end oe 5 
AG is forme into a ring, from which a sensible BY 
pith-ball eleetrometer is to be suspended. This 
instrument is fastened to the side of a window 

frame, where it is supported by strong brass hooks 


at CB; whieh part of the tube is covered witb 


silk lace, in order to adapt it better to the hooks. 


- The” part, FI. is out of the window, with the 
end F elevated a little above the horizon. The 


no 


* 
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8 part of the instrument comes through 
a hole in one of the lights in the sash, within the 


room, and no more of it touches the side of the 


window than the part CB. When it rains, espe· 


cially in passing showers, this instrument is fre- 


quently electrified; and by the divergence of the 


eleetrometer, the quantity and quality of the rain 


may be observed without any danger of a mistake. 

Wich this instrument, in rainy weather, Mr. Ca- 
: vallo has been able to charge a small coated phial 

at the wire HG. It should be fixed in such a 

manner, that it may be easily taken off from tlie 
window, and replaced again, as occasion requires; 

as it will be necessary to clean. it often, pad | 

. when a shower of r rain is W 5 | 


7 — 8 & og _ — 
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| To M LXXXIx. on 1 The 1 me- = 
tod of making. the artificial Bolonian stone, or 'Can« 


- ons phosphorus, which is a calcareous substance, 


of the fire, where it must be kept red-hot for one 
IE A set it by to cool; — turn 


0042 


and generally used in the form of powder. Cal- 

cine some common oyster-shells, if they are od 

and half calcined by time, such as are commonly 
found upon the sea-shore, they are the better; let 
the purest part of the calx be pulverized and siſted; 
minx with three parts of this powder one part of the 
flowers of sulphur; let this mixture be rammed into 

a crucible about one inch and an half in depth, till 
it be almost full, and let it be pl: 


— 


ced in the middle 


of 


. 8 1 A 
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it out of the orucible, and cutting it or Fe 


it to pieces, scrape off upon trial the brightest 
8 parts,. which, if. good phosphorus, will be a white 
powder. It may be preserved by keeping it in a 


dry phial with a ground stopper. A beautiful 
manner of expressing geometrical figures with the 


above phosphorus is, to bend small glass tubes of 
about one-tenth of an inch in diameter in the 
Shape of the figures desired, and then to fill them 
with the powder. These may be illuminated in 
Bhs the: manner described; and they. are not liable to 
be spoiled, as the figures are when exposed on a 
board, Mr. Canton found the discharging. of. A 
N small. jar near to hag e an 890 best method | 
"FE illuminatiog JJ%%%%%%%%%%%%%%%% 8 
I To ExTENUEVT OvII. p. 213. | 5 55 . 
5 thickens hewing- the motions of the un, earth, 
and. ade round ihe common” center » of gravity. | 
Plate 4, ng. 79, the ball, 8, represents the sun, 
E the e and M the moon, connected by bent 
Wires, a, c, b, di @ is eee of gravity between OE 
the sun and earth; ö, the center of gravity be-. 
tween tha earth and moon. These three balls, 
and their connecting wires, are supported on the 
pointed wire A, which is placed on the prime: 
4 c ol the machine; the earth and moon 
$ 4:08 the pointe wire cae,m which: wire: 
had. 5 ee horizontally at c, and also a. 
Anmilar oe at 4, projecting: out in the same manner 
.. a e the earth and: I a0 5 
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8 Wben the Wasp is put into ali the balls 


8 4d wires being electrified, and the fluid going 


off horizontally from the points. c and d, cause 8 
and E to move round their common center of 
gravity , and E and M round their center of 
gravity ö. As E and Mare light, when compared 
with Sand E, there is much less friction on the 
point 5 than on the point a; so that E and M will 
make more revolutions about the point 5, than 


8 and E about the point a. The weights of the 


balls should be so adjusted, that E and M may 
move about twelve times round bi in the time 1 
Sand E go once round Cl | 
This amusing experiment does not shew the real 
cause of the planetary motion, but only that the 
sun, earth, and moon, move round the common 
center of gravity between them in a solar year, 
and the earth and moon move round the common 
center of gravity between them in a lunar month. 
To EXPERIMENT xxl. p. 526. To make es 
is Plate 4, fig. 66*, represents a wooden 
stand to support three eggs, and by the sliding 
supports, a, a, a, to place them at any required 
distance asuhder. +, a brass sliding wire: and c, 


| a chain or wire; both as conductors of communi- 


cation. Three eggs are to be placed at about 
one-eighthlof: an inch asunder, the lower extre- 


| mity of the wire b at the same distance, and one 
end of t ebain or wire in communication with 
the bottom egg, and the other end with the coat-' 


* 


15 8 OY DEFLAGRATION: or 1RON WIRE. Da 


ing of a i charged electric 5 With the diacharging 


rod, plate 2, Ig. 2, one ball being placed on the 
ball of the wire ö, and the ather to the ball of the 


Charged jar, the discharge will instantly pass 
crough the eggs, and in a darkened room exhibit 


them luminous, more 60, my i le to a 8 9 
in the common at „„ 


* 


Blots 5, OY 103, — an appacbtun ber . 


| | Viting. into deſjagration by electrioity, a fine 


twisted iron wire, placed in a jar of dephlogisti- 


"cated, or what is now termed oxygene air. A is 


$i © S ORE: of about nine inches in height and 


3 diameter; B, a metallic cover closely 
5 cemented 0 on the top: C, à brass ball and wire 


iron wire, 3 the: one-thirtieth of an wks in 


diameter; the upper "extremity of which goes inta 

a ball made in the brass piece, and to which any 
new wire may be readily applied. E is a meta! 
or wooden stand, on Which the bottom of the 


the top to the inside; D, the 


glass jar is placed, aſter the jar is filled with 3 


oxygene air. F is a brass piece raised from tbe 
bottom, and stands abqut. one: quarter of an inch 
from the lower extremity of the wire. Naw, a. 
| chain gr wire laid from E to the outside of a 


ged nen Jar, 4 nds one * a 1 18 ointed 


* + Br tw may nd vat atk of main ti air, 1 | 


_ odition An . 1 i. e e 


24 » He? 
n * a he 4 1 . 


— 


THE PLATE ELECTRICAL MACHINE, 583 


 discharging rod laid on the ball C, and the other 
to the ball of the charged jar, the discharge will 


instantly take place, and the passage of the ſſuid 


from the lower extremity of the wire, D, to the 
piece F, will set fire to the wire; and, being ex- 
hibited in a darkened room, will burn away to 
the top with a beautiful sunlike figure in motion, 


giving a very intense and. brilliant light, till the 
whole wire is deflagrated; and throwing * a 
"ons of melted hai 5 1 1 ion: 


4 


07 the te KR bb. 1 0 40 years 
ago the ingenious Dr. Ingenhouz construeted and 
first introduced into this country the plate electri- 
cal machine, the excitation of which was produced 
by friotion on a circular glass plate, of from about 
nine to twelve inches in diameter; this plate turned 
vertically, and was rubbed by four cushions placed 


er tho opposite ends of the yertical diameter. The 
brass conductor had two horizontal branches com- 


ing from it, reaching to within about one-half of 
an inch of the extremity- of the glass, so that each 
branch takes my the en ee e rh the 
cushions. 05 

This. dort of cont W ins a Jab 
on the. continent, and but very rarely here. A 


large and very powerful plate machine has been 
lately constructed by Dr. Vun Marum, for the 
Museum of Teyler at Harlem, as well as others of 
less dimensions in this ny: Dr. Ven Ma- 
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pms, the reader will sbe explained by Mr. N. „ 


_ cholson in his Philosophical Journal, vol. ii. p. 83; 
from whom it appears, that a plate machine care- 


fully and well constructed is, upon the comparison : 
of the excited surfaces, at least equal in steady 
intensity, and superior in power of charging, to 
_ cylinder which has ever been made. 

The Harlem machine consists of two circular | 
glass plates, each 65 inches i in diameter, at seven HE 
inches and an half apart, fixed parallel to each 
other, and rubbed by four cushjons to each plate. 
In the Journal, Mr. Nicholson has described the . 
uk and powerful plate machine invented b — 
Dr. Van Marum, the plate of which is 31 inches 


in diameter, and ee a mw OT Eg | = 


e e of power. 35 

There were some ee e difficulties ST 
Sb in the construction of these plate machines, 
that are now removed; and I; conceive but one 
objection that can be made by persons who only 
procure them for the common purposes of instrue- 
tion and entertainment; that is, that the glass 8 
plates, unless managed with the most particular 1 15 
attention in the adjustment of the rubbers, &. 
bie in as are liable to be cracked, hing / LE: 
picks jb OTE yh £3 ve 5 3 fp Hh, 10 be; ad; ws 715: N 2 
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| 4 CHA RD, his pa on . . 
436 to 439. Found that electricity increased a dog * | 
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